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FURTHER  STUDIES  ON  THE  BEHAVIOR  OF  BACTERIA 
TOWARD  GENTIAN  VIOLET.* 
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(From  the  Department  of  Bacteriology  of  Cornell  University  Medical  College,  New 
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Isolation  of  a  Gentian-Positive  Strain  from  a  Culture  of  a  Gentian- 
Negative  Organism    {a  " Strain-within-a-S train''  Variant). 

When  di\'ided  gentian  \'iolet  plates  are  stroked  with  broth  cul- 
tures or  with  hea\y  suspensions  of  Bacillus  coli,  growth  is  equally 
good  on  both  sides  of  the  plate  (Fig.  1).  So,  too,  if  di\'ided  plates 
are  poured  so  that  each  half  receives  a  heavy  inoculation  of  Bacillus 
coli,  numerous  colonies  appear  in  both  halves,  though  a  similar 
experiment  with  Bacillus  suhtilis  shows  complete  sterility  of  the 
gentian  violet  side.  If,  however,  the  inoculations  are  made  with 
increasingly  weak  dilutions  of  the  suspension,  the  colonies  gradually 
become  fewer  on  the  gentian  violet  side  and  finally  disappear  alto- 
gether (Fig.  2).  This  phenomenon  is  exhibited  whether  a  2  or  a  24 
hour  culture  is  studied.  It  may  be  demonstrated  as  well  by  a  slightly 
different  type  of  experiment.  If  a  plain  agar  plate  is  stroked  with 
broth  cultures  of  Bacillus  coli  which  have  been  exposed  to  the  dye, 
the  stained  organisms  appear  to  grow  as  well  as  the  controls,  though 
strokes  of  stained  Gram-positive  organisms,  for  example,  Bacillus 
suhtilis  or  Oidium  albicans,  will  not  grow  at  all  (Fig.  3) .  If,  however^ 
the  experiment  is  repeated  with  increasingly  weak  suspensions  of 
Bacillus  coli  it  will  be  seen  that  by  no  means  all  the  organisms  have 
actually  survived  exposure  to  the  stain  (Fig.  4). 

*  A  preKminary  report  of  this  work  was  published  in  the  Proceedings  of  the 
Society  of  Experimental  Biology  and  Medicine  (Churchman,  J.  W.,  Proc.  Soc. 
Exp.  Biol,  and  Med.,  1920,  xviii,  17,  19,  20,  21). 
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It  is  therefore  possible,  by  stroking  divided  plates  with  weak  dilu- 
tions of  Bacillus  coli  to  obtain  plates,  with  a  few  colonies  on  the  plain 
agar  side  and  none  on  the  gentian  violet  agar.  Some  of  these  colonies 
may  be  presumed  to  have  sprung  from  individuals  which  would  have 
grown  on  the  gentian  violet  agar  if  they  had  happened  to  be  implanted 
there,  others  may  be  presumed  to  be  made  up  of  organisms  incapable 
of  growing  in  the  presence  of  the  dye.  By  again  stroking  di\'ided 
plates  with  suspensions  of  these  separate  colonies  an  opportunity  was 
afforded  of  isolating  a  strain  of  Bacillus  coli  incapable  of  growing  in 
the  presence  of  the  dye,  unmixed  with  individuals  capable  of  such 
growth.     This  has,  indeed,  been  done. 

The  result  of  this  experiment  was  to  provide  two  strains — labelled 
for  convenience  Strains  X  and  Y — isolated  from  a  single  "pure" 
culture  of  Bacillus  coli.  These  two  strains,  both  definitely  Gram- 
negative,  are  identical  by  all  the  usual  tinctorial,  morphological, 
and  cultural  tests.  Yet  Strain  X  grows  well,  Strain  Y  not  at  all,  or 
practically  not  at  all  in  the  presence  of  gentian  violet  (Fig.  5) ;  and 
strokes  of  Strain  X  which  have  been  exposed  to  the  dye  and  then 
planted  on  plain  agar  grow  equally  well  with  the  controls,  while 
strokes  of  Strain  Y  made  with  organisms  which  have  been  exposed  to 
the  dye  do  not  grow  at  all  (Fig.  6). 

That  this  specific  characteristic  is  not  transient  is  shown  by  the 
experiment  represented  in  Figs.  5  and  6.  This  experiment  was  done 
after  the  two  strains  had  been  allowed  to  grow  for  6  weeks  through 
a  number  of  transplants,  and  it  will  be  seen  that  the  original  features 
of  the  two  strains  have  been  retained. 

The  experiments  outlined  above  demonstrate  that  within  a  single 
bacterial  strain  two  strains  may  exist  which,  though  identical  in 
morphology  and  in  tinctorial  and  cultural  reactions,  are  dissimilar 
in  their  reactions  to  gentian  violet,  one  growdng  \dgorously  and  the 
other  not  at  all  on  media  containing  the  dye.  These  two  types 
retained  their  differential  characteristics  after  many  transplantations. 
This  isolation,  from  a  pure  culture,  of  a  "  strain- within- a-strain" 
variant  parallels  the  observation  reported  some  years  ago  of  a  "strain- 
within-a-species"  variant  occurring  in  the  Bacillus  enteritidis  group. ^ 

1  Churchman,  J.  W.,  and  Michael,  W.  H.,  /.  Exp.  Med.,  1912,  xvi,  822. 
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The  distinction  between  the  two  types  of  variant  strain  is,  of  course, 
not  fundamental;  one  type  was  encountered  in  nature,  the  other  was 
isolated  in  the  laboratory. 

Explanation  of  the  Parallelism  between  the  Gram  Reaction  and  the 
Gentian  Violet  Reaction. 

While  certain  facts  in  the  observations  hitherto  reported  on  the 
parallehsm  between  the  Gram  reaction  and  the  gentian  violet  reac- 
tion were  difficult  to  explain  on  the  theory  that  the  two  reactions 
depended  on  a  common  factor  and  that  the  parallehsm  was  therefore 
a  fundamental  one,  the  preponderance  of  evidence  pointed  in  this 
direction.  About  90  per  cent  of  the  Gram-positive  organisms  are 
killed  by  exposure  to  the  dye  and  will  not  grow  on  media  which  con- 
tain it;  about  90  per  cent  of  the  Gram-negative  organisms  grow  well 
after  exposure  to  the  dye,  and  their  growth  seems  to  be  unimpeded 
by  the  presence  of  the  dye  in  media. 

That  this  difference  between  the  effect  of  gentian  violet  on  the 
Gram-positive  and  the  Gram-negative  organisms  might  be  applied 
to  the  isolation  of  Gram-negative  bacteria  from  mixtures  with  Gram- 
positive  bacteria,  and  particularly  to  the  eUmination  of  contamina- 
tions with  Bacillus  subtilis,  which  so  frequently  prove  troublesome, 
was  pointed  out  in  a  previous  publication.-  The  lead  thus  given 
has  since  received  the  following  practical  appHcations:  (1)  isolation 
of  Bacillus  tuberculosis  from  sputum  and  feces  (Petroff^) ;  (2)  ehmina- 
tion  of  false  presumptive  tests  in  the  examination  of  milk  and  water 
for  Bacillus  coli,  by  the  use  of  gentian  violet  (Hall  and  Ellefson*); 
(3)  selective  elimination  of  hay  bacillus  from  cultures  of  obhgative 
anaerobes  by  the  use  of  gentian  violet  (HalP) ;  (4)  isolation  of  Bacillus 
influenzce  by  the  use  of  gentian  violet  (Bernstein  and  Loewe^);  and 
(5)  isolation  of  pathogenic  moulds  {Epidermophyton  inguinale)  by  the 
use  of  gentian  violet  (Farley^). 

2  Churchman,  J.  W.,  /.  Exp.  Med.,  1912,  xvi,  221. 

3  PetroflF,  S.  A.,  /.  Exp.  Med.,  1915,  xxi,  38. 

'*HaU,  I.  C,  and  Ellefson,  L.  J.,  J.  Bad.,  1918,  iii,  329,  355;  /.  Am.  Water 
Works  Assn.,  1919,  vi,  67. 

5HaU,  I.  C,  /.  Am.  Med.  Assn.,  1919,  Ixxii,  247. 

^  Bernstein,  E.  P.,  and  Loewe,  L.,  J.  Infect.  Dis.,  1919,  xxiv,  78. 

^  Farley,  D.  L.,  Arch.  Dermatol,  and  Syphilol.,  1920,  ii,  466. 
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A  parallelism  so  clear-cut  and  so  amply  confirmed  could  hardly 
be  accidental,  particularly  as  a  similar  parallelism  was  found  to  exist 
if  the  experiments  were  conducted  with  other  dyes  belonging  to  the 
triphenylmethane  scries.  Moreover,  it  is  just  the  constantly  Gram- 
positive  organisms  like  Bacillus  suhlilis  which  always  fail  to  grow  in 
the  presence  of  even  minute  quantities  of  the  dye,  and  just  the  con- 
stantly Gram-negative  ones  which  grow  readily  in  fairly  strong  dilu- 
tions of  it  (Fig.  1).^ 

The  difference  in  avidity  of  the  living  organisms  for  the  stain  is 
also  striking.  Bacillus  suhlilis  rapidly  becomes  deep  \-iolet  and  loses 
its  motility;  Bacillus  coli  or  Bacillus  typhosus  stains  slowly,  only  a 
small  proportion  of  the  indi\iduals  stain  at  all  deeply,  and  all  retain 
their  motility  for  some  time.  If  the  Gram  reaction  is  carried  out 
with  living  organisms,  centrifuged  in  a  test-tube,  the  behavior  of  the 
negative  and  positive  groups  is  the  same  as  it  is  when  they  are  killed 
and  stained  on  a  glass  shde. 

Facts  of  this  kind  led  to  the  assumption  that  the  parallelism  between 
Gram  reaction  and  gentian  violet  reaction  depended  on  the  presence 
in  the  Gram-positive  organisms,  and  the  absence  from  the  Gram- 
negative  ones,  of  unsaturated  bodies  avid  for  some  portion  of  the 
triphenylmethane  molecule.  The  saturation  of  these  bodies  would 
be  thought  of  as  accounting  for  the  retention  of  the  dye  by  the  Gram- 
positive  bacteria  and  their  death  in  its  presence;  the  absence  of  these 
bodies  would  explain  why  Gram-negative  organisms  fail  to  retain  the 
dye  and  grow  in  media  containing  it. 

There  were,  indeed,  a  few  facts  which  would  not  conform  to  this 
hypothesis.  There  were  in  the  first  place  the  exceptional  organisms; 
about  10  per  cent  of  the  Gram-positive  strains  studied  were  either 
unaffected  by  the  dye  or  variable  in  their  reactions  to  it,  and  an  equal 
percentage  of  the  Gram-negative  cultures  were  somewhat  susceptible 
to  its  bacteriostatic  effects.  Not  only  was  this  found  to  be  the 
case  in  a  study  of  all  the  common  bacterial  species,  but  an  instance 

^  The  chemical  problems  involved  in  the  gentian  violet  reaction  are  now  the 
subject  of  investigations  in  collaboration  with  Professor  Bogert  of  Columbia 
University.  It  may  be  stated,  however,  that  other  members  of  the  triphenyl- 
methane series,  which  are  themselves  not  dyes  and  possess  relatively  simple  struc- 
tural formulas,  behave,  as  regards  selective  bacteriostasis,  like  gentian  violet. 
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was  encountered  in  which  one  strain  of  a  species  {Bacillus  enteritidis) 
— and  only  one  out  of  five  studied — was  quite  sensitive  to  the  bacte- 
riostatic action  of  the  dye,  though  the  other  four  behaved  quite  accord- 
ing to  rule,  and  all  five  were  identical  in  cultural  reactions  and  were 
definitely  Gram-negative.^ 

An  effort  was  made  to  test  the  fundamental  nature  of  the  parallel- 
ism between  Gram  and  gentian  reactions  by  training  a  Gram-positive 
and  gentian-positive  organism  {Bacillus  suhtilis)  to  grow  in  the 
presence  of  the  dye.  If  such  an  organism  could  be  made  in  this 
way  to  lose  its  gentian  positiveness  without  changing  its  Gram  posi- 
tiveness  it  would  be  clear  that  the  two  reactions  did  not  depend  on  a 
common  factor.  If,  on  the  other  hand,  both  reactions  changed, 
the  opposite  would  be  true. 

The  efforts  to  train  Bacillus  suhtilis  to  grow  in  gentian  \dolet  were 
wholly  unsuccessful.  This  organism  wdll  not  grow  on  divided  plates 
containing  the  dye  in  strengths  of  1:1,000,000.  It  is  possible,  it  is 
true,  to  induce  it  to  grow  in  slightly  stronger  dilutions.  But  not 
much  advance  can  be  made,  and  the  advance  made  is  not  retained; 
for  the  few  organisms  which  have  appeared  in  the  stronger  dilutions, 
if  transplanted,  fail  to  grow  except  in  the  weaker  dilutions,  around 
1:1,000,000. 

The  problem  was,  however,  solved  in  an  entirely  different  way. 
If  thick  suspensions  of  the  Gram-negative  and  gentian-negative 
Bacillus  coli  are  stroked  across  a  divided  gentian  violet  plate,  growth 
is  equally  \dgorous  on  the  two  sides  (Fig.  1).  If,  however,  increas- 
ingly w^eak  dilutions  of  the  suspension  are  used  for  the  stroking,  the 
colonies  on  the  gentian  violet  side  of  the  plate  become  rapidly  fewer 
(in  proportion  to  those  on  the  plain  agar)  as  the  dilution  increases, 
and  finally  disappear  altogether  (Fig.  2).  This  is  due,  in  part  at 
least,  to  the  fact,  entirely  obscured  when  thick  suspensions  are  used 
for  the  experiment,  that  only  a  relatively  small  proportion  of  the 

^  It  is  interesting  to  note  that  Bronfenbrenner  and  his  coworkers  (Bronfen- 
brenner,  J.,  Schlesinger,  M.  J.,  and  Soletsky,  D.,  /.  Bad.,  1920,  v,  24)  in  a  study 
of  the  bacterial  action  of  the  CR  indicator  (China  blue-rosoUc  acid)  tested  out 
this  strain  of  B.  enteritidis  and  found  it  to  be  e.xceptional  also  in  its  behavior 
toward  CR.  I  have  found  that  rosolic  acid  possesses  selective  properties  similar 
to  those  of  gentian  violet. 
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individuals  in  a  suspension  of  a  Gram-negative  organism  are  really 
gentian-negative;  the  majority  will  not  grow  in  the  presence  of  the 
dye.*'^  If  the  suspension  used  for  stroking  the  plate  is  thick,  this 
small  proportion  of  gentian-negative  individuals  is  (absolutely)  suf- 
ficiently large  in  quantity  to  produce  good  growth  in  the  presence 
of  the  dye.  If,  on  the  other  hand,  the  suspension  is  weak  the  gen- 
tian-negative individuals  are,  not  only  relatively,  but  absolutely  few 
in  number;  few  colonies  therefore  appear  on  the  violet  agar;  if  the 
dilution  is  very  weak,  none  appears. 

It  is  not  difficult  to  isolate  in  pure  culture  the  individuals  which 
will  and  those  which  will  not  grow  in  the  presence  of  the  dye  (Figs.  5 
and  6) .  WTien  so  isolated  the  gentian-positive  strain,  that  is  the  strain 
which  will  not  grow  in  the  presence  of  the  dye,  is  found  to  be  as 
definitely  Gram-negative  as  the  gentian-negative  strain.  The  factor 
which  determines  the  reaction  of  an  organism  to  the  Gram  process  of 
staining  is  not  therefore  the  same  as  the  factor  which  determines  its 
growth  reaction  in  the  presence  of  gentian  violet. 

Efect  of  Repeated  Reinoculaiions  of  Gentian  Violet  Agar  with  a  Gentian- 
Positive  Organism. 

If  a  di\dded  gentian  \dolet  plate  containing  the  dye  in  a  dilution  of 
1 :  100,000  is  stroked  with  a  thick  suspension  of  the  Gram-positive 
and  gentian-positive  Bacillus  subtilis,  no  growth  will  ever  occur  on 
the  gentian  \dolet  side  of  the  plate;  the  organism  will,  indeed,  fail  to 
grow  up  to  the  dividing  line  between  plain  and  gentian  violet  agar, 
ceasing  sharply  at  a  point  0.5  to  1  cm.  from  this  line  (Fig.  1).  This 
inhibition  takes  place  even  when  the  dye  is  present  in  extremely 
weak  dilutions.  Growth  is  prevented  by  dilutions  of  1:1,000,000 
(Fig.  7),  inhibited  by  1:2,000,000,  and  only  becomes  vigorous  at  a 
strength  of  1:3,000,000. 

If,  however,  the  gentian  violet  half  of  the  plate  is  repeatedly  and 
heavily  reinoculated  on  successive  days  in  the  same  place,  a  fair 
growth, — in  some  instances  a  rather  vigorous  growth — may  finally 

^"It  cannot  be  said,  since  the  whole  bacterial  field  has  not  been  studied  with 
this  point  in  view,  that  all  Gram-negative  species  contain  these  two  strains. 
The  specimen  of  B.  coli  with  which  the  experiments  were  done  and  the  speci- 
men of  B.  typhosus  and  B.  prodigiosus  examined  contained  them. 
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be  obtained.  In  Fig.  8  such  an  experiment  is  shown.  Two  strokes 
of  a  thick  suspension  of  Bacillus  suhtilis  were  made  on  this  plate. 
Nothing  further  was  done  to  the  right-hand  stroke  and  the  usual 
effect  of  the  dye  is  clearly  shown.  In  the  left-hand  stroke  from  the 
edge  where  the  original  growth  on  the  plain  agar  ceased  (this  edge 
will  be  readily  recognized) ,  organisms  were  repeatedly  resmeared  over 
the  gentian  violet  agar;  a  fair  growth  resulted. 

That  this  growth  which  results  from  restroking  is  not  due  to 
acclimatization  of  organisms  to  the  dye  seems  likely  from  the  fact 
that  prolonged  attempts  at  experimental  acclimatization  of  Bacillus 
suhtilis  to  gentian  violet  have  been  unsuccessful.  Furthermore,  pos- 
itive proof  that  acchmatization  is  not  the  explanation  is  given  by 
the  fact  that  if  organisms  which  have,  by  reinoculation,  been  thus 
induced  to  grow  on  gentian  violet  agar,  are  freshly  smeared  on  another 
divided  plate  they  will  not  grow  on  the  side  of  the  plate  which  con- 
tains the  dye.  This  phenomenon  can  hardly  be  due  to  insufficiency 
of  dye  in  the  presence  of  increase  of  inoculated  organisms,  for  in  the 
plates  used  in  the  experiments  dye  was  present  in  strengths  (1: 
100,000)  greatly  in  excess  of  the  strength  necessary  to  prevent  the 
growth  of  Bacillus  suhtilis  (1 : 1,000,000) ;  and  owing  to  the  great  diffu- 
sibihty  of  the  dye  through  agar  much  of  that  present  in  the  plates  is 
available  for  the  organisms. 

Whether  the  phenomenon  is  due  to  a  change  in  the  dye  caused  by 
organisms  which,  though  not  surviving,  hve  sufficiently  long  to  pre- 
pare the  soil  for  subsequent  implants;  whether  it  is  due  to  some  pro- 
tective barrier  or  nutritional  or  growth-accelerating  substance  pro- 
vided by  the  dead  bodies  of  bacteria  to  the  Hving  bacteria  which  rest 
upon  them  in  subsequent  seedings;  or  whether  it  is  due  to  a  com- 
munal activity  of  organisms — to  which  further  reference  is  made  in 
the  following  paper — are  questions  at  present  under  experimental 
study.  But  the  fact  itself  is  sufficiently  significant  for  certain  prob- 
lems in  the  chemotherapy  of  infections. 

In  searching  for  a  possible  explanation  for  these  facts  it  is  impor- 
tant that  attention  should  be  called  to  experiments  which  demon- 
strate the  effect  of  the  presence  of  dead  bacterial  bodies  in  media  on 
which  transplants  are  made.  An  experiment  of  this  sort  is  illus- 
trated in  Figs.  9  and  10.     The  tubes  contained  gentian  violet  agar. 
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The  surface  of  the  control  tube  (Fig.  9)  was  inoculated  with  Bacillus 
siiblilis  and,  as  this  organism  never  grows  in  the  presence  of  the  dye, 
no  growth  occurred.  The  surface  of  the  other  tube  (Fig.  10)  was  cov- 
ered with  a  thin  layer  of  killed,  washed  organisms^^  {Bacillus  suUilis). 
After  this  layer  dried  an  inoculation  of  living  Bacillus  suhtilis  was 
made  on  top  of  it.  Growth  occurred,  owing  apparently  to  a  com- 
plete protection  of  some  sort  interposed  by  the  dead  bodies  between 
the  living  bacteria  and  the  dye,  or  to  some  effect  of  the  dead  bacteria 
on  bacterial  growth.  A  similar  result  is  obtained  if  dead  bodies  of 
Micrococcus  aureus  or  of  Bacillus  coli  are  smeared  on  the  surface  of 
the  gentian  \'iolet  agar  instead  of  dead  bodies  of  Bacillus  subtilis. 
Such  an  experiment,  besides  bringing  out  a  fact  to  which  attention 
has  not  hitherto  been  directed,  shows  clearly  that  dead  bacterial 
bodies  l>'ing  in  a  wound  may  entirely  alter  the  reaction  between  a 
bacteriostatic  agent  and  the  living  organisms  which  one  is  attempting 
to  reach. 

Selective  Activity  of  Gentian  Violet  in  Relation  to  Chemotherapy. 

That  the  selective  bacteriostatic  action  of  gentian  violet,  demon- 
strable in  vitro,  is  capable  of  clinical  appKcation  in  the  treatment  of 
infections  has  been  amply  demonstrated  by  experiments  conducted 
in  the  hospital  wards  during  the  last  6  years.  It  has  been  shown  that 
in  certain  types  of  acute  infections  of  joints,  staining  of  the  synovial 
membrane  (after  proper  mechanical  cleansing  by  special  methods) 
leads  to  prompt  sterihzation  and  clinical  cure.^^  It  has  also  been 
shown  that  with  this  dye  it  is  possible  to  rid  granulating,  wounds  of 

^^  The  organisms  were  grown  on  medium  containing  only  distilled  water  and 
agar,  in  order  that  their  bodies  might  contain  the  minimum  amount  of  nutritive 
substance.  These  bacterial  bodies  were  washed  sLx  times  with  distilled  water 
and  were  killed.  Suitable  controls  were  made  to  insure  sterility.  In  order  to 
prove  that  no  available  food  material  was  still  present,  a  control  experiment 
was  done  in  which  these  dead  bacterial  bodies  were  smeared  on  the  bottom  of 
a  Petri  dish,  dried,  and  then  inoculated  with  live  B.  subtilis,  suitable  moisture 
being  provided.  No  growth  occurred  on  incubation.  The  growth  of  B.  sub- 
tilis in  the  experimental  tubes  illustrated  in  Fig.  10  was  not,  therefore,  due  to 
any  nutritive  material  carried  over  in  the  dead  bacterial  bodies. 

12  Churchman,  J.  W.,  /.  Atn.  Med.  Assn.,  1918,  kx,  1047;  1919,  Ixxii,  1280; 
1920,  kxv,  583. 
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certain  organisms  which  have  resisted  other  bacteriostatic  agents; 
this  was  proved  by  the  successful  treatment  of  two  patients  with  thigh 
amputations  at  the  Walter  Reed  Hospital.  The  stumps  of  these 
indi\iduals  had  become  diphtheria  carriers,  but  by  using  the  dye 
they  were  rid  of  organisms  which  had  persisted  for  weeks  in  spite  of 
all  treatment. '2  That  the  selective  power  of  the  dye,  so  clearly 
showTi  in  di\'ided  plates,  would  also  be  demonstrated  by  a  study  of 
its  effects  in  wounds  was  well  shown  during  these  efforts  to  sterilize 
infected  amputation  wounds.  Bacillus  diphtherm  was  caused  to 
disappear  without  much  difficulty,  but  in  a  stump  infected  with 
Bacilhis  coli  it  was  impossible  to  rid  the  wound  entirely  of  its  organisms. 
In  spite  of  this  considerable  amount  of  chnical  success  in  the  treat- 
ment of  a  certain  t>TDe  of  infection  with  gentian  violet,  the  observa- 
tions reported  in  the  pre\'ious  communications  indicate  that  selective 
bacteriostasis  is  a  very  complex  process  and  point  out  the  difficulties 
attending  the  direct  transfer  of  laboratory  findings  into  therapeutics. 
The  method  of  di\dded  plates  presents  an  excellent  means  of  studying 
the  interaction  between  dye  and  organism;  the  isolation  of  a  pure 
strain  of  gentian-negative  Bacillus  coli  makes  it  possible  to  investi- 
gate the  question  by  single  cell  experiments  of  a  pecuHarly  reliable 
kind;  and  the  selective  property  of  gentian  violet  may  be  taken 
advantage  of  for  the  study  of  the  various  elements  of  selective  bac- 
teriostasis on  a  single  plate.  Such  a  plate  is  represented  in  Fig.  11. 
This  experiment  was  done  to  demonstrate  the  futility  of  generaliza- 
tions about  the  eft'ect  of  a  chemotherapeutic  agent  on  bacteria,  even 
when  the  generalization  is  confined  to  its  effect  in  vitro,  and  to  indi- 
cate the  necessity  of  bearing  in  mind,  when  drawing  conclusions  from 
experiments  in  this  field,  the  conditions  under  which  the  experiment 
was  done.  On  this  plate,  as  will  be  seen  (Fig.  11)  seven  dift'erent 
effects  of  gentian-violet  on  bacteria  are  shown,  the  result  obtained 
depending  on  the  organism  chosen  for  the  experiment  and  the  condi- 
tions under  which  the  inoculation  was  made.  These  dift'erent  results 
are  as  follows:  (1)  Thick  suspensions  of  Gram-positive  organisms 
{Bacillus  suhtilis)  will  not  grow  in  the  presence  of  the  dye  (Fig.  11, 
.4).     (2)  By  repeated  reinoculations  of  these  organisms  a  moderate 

1'  Churchman,  J.  W.,  /.  Am.  Med.  Assn.,  1920,  Ixxiv,  145. 
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growth  can  be  procured  on  the  gentian  \dolet  agar  (Fig.  11,  B). 
(3)  Thick  suspensions  of  the  Gram-negative  Bacillus  coli  grow  equally 
well  on  the  two  halves  of  the  plate  (Fig.  11,  C).  (4)  If  weak  dilu- 
tions of  a  suspension  of  Bacillus  coli  are  stroked  across  the  plate 
almost  no  growth  occurs  on  the  gentian  violet  side  (Fig.  11,  D). 
(5)  A  thick  suspension  of  the  gentian-negative  strain  of  Bacillus  coli 
grows  equally  well  on  the  two  halves  of  the  plate  (Fig.  11,  £).  (6) 
If  a  weak  dilution  of  the  gentian-negative  strain  of  Bacillus  coli  is 
stroked  across  the  plate  no  growth  may  occur  on  the  gentian  violet 
side  (Fig.  \\,  F).  (7)  If  a  thick  suspension  of  the  gentian-positive 
strain  of  Bacillus  coli  is  stroked  no  growth  occurs  on  the  gentian 
\iolet  agar  (Fig.  11,  G). 

Unless  considerations  of  this  kind  are  borne  in  mind  one  may 
easily  fall  into  gross  error.  For  example,  if  the  original  experiments 
had  been  conducted  with  a  thin  suspension  of  Bacillus  coli  and  the 
result  seen  at  D,  Fig.  11,  had  been  obtained  the  conclusion  would  have 
been  drawn  that  gentian  violet  has  a  strong  bacteriostatic  effect  on 
Bacillus  coli;  whereas  if  thick  suspensions  are  used,  the  opposite 
proves  to  be  the  case  (Fig.  11,  C).  This  error  has,  as  a  matter  of  fact, 
been  committed  by  certain  observers  working  with  other  dyes. 

Since  the  single  cell  method  of  Barber^^  offers  an  important  method 
for  the  study  of  reactions  betw^een  chemical  substances  and  single 
bacteria,  it  cannot  be  too  strongly  emphasized  that  the  effect  of  a 
bacteriostatic  agent  on  a  group  of  bacteria  may  be  quite  different 
from  its  effect  on  individual  organisms. 

That  the  effect  of  a  chemotherapeutic  agent  should  be  conceived 
in  terms  of  stasis  rather  than  death  has  been  proved  by  the  whole 
trend  of  the  work  with  gentian  violet.  The  difficulty  of  proving  that 
organisms  which  have  apparently  been  killed  by  chemical  agents 
are  really  dead  may  be  greater  than  might  at  first  be  supposed;  and 
in  any  experiments  in  this  field  it  is  well  to  remember  that  organisms 
apparently  killed  may  survive  and  give  signs  of  life  after  a  long  period 
of  lag.  A  striking  instance  of  this  phenomenon  is  shown  in  Text-fig. 
1 .  This  experiment  was  one  of  a  series  done  to  determine  by  animal 
inoculations  whether  stained  gentian-positive  organisms,  which  do 

"  Barber,  M.  A.,  Philippine  J.  Sc,  1914,  i.x,  307. 
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not  grow  in  culture  media,  are  actually  killed  by  exposure  to  the  dye. 
Two  series  of  animal  inoculations — one  with  Staphylococcus  aureus 
and  the  other  with  a  strain  of  Blastomyces  pathogenic  for  guinea  pigs 
— seemed  to  warrant  the  conclusion  that  the  stained  organisms  were 
killed,  for  all  the  animals  that  received  unstained  organisms  died  of 
the  disease,  and  all  those  that  received  stained  organisms  survived. 
With  stained  Bacillus  anthracis,  however,  different  and  striking 
results  were  obtained.  This  organism  will  not  grow  when  it  is  planted 
on  agar  after  ha\dng  been  stained.     When  injected  in  large  amounts, 
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Text-Fig.  1.  Results  of  animal  inoculation  with  stained  B.  anthracis.  M., 
mouse;  R.,  rabbit.  The  course  of  control  experiments  is  represented  by  a  solid 
line,  the  course  of  experimental  animals  by  a  broken  line.  X  indicates  that 
cultures  made  at  death  from  the  heart's  blood  and  spleen  were  positive  for  B. 
anthracis.  Mouse  3  and  Rabbits  3  and  4  survived  without  symptoms.  Mouse 
2  died  of  anthrax  on  the  26th  day;  the  blood  and  spleen  swarmed  with  the 
organisms. 


after  staining,  into  the  susceptible  mouse,  it  often  causes  death, 
though  not  infrequently  the  inoculated  animal  lives.  But  the  point 
worthy  of  note  is  that  when  the  animal  dies  it  is  sometimes  after  a 
period  of  many  days  of  perfect  health,  though  the  control  mice  die  in 
36  hours.  Mouse  2,  for  example  (Text-fig.  1)  died  of  anthrax  on  the 
26th  day,  having  been  in  perfect  health  in  the  interval;  that  is,  it 
behaved  as  if  it  had  received  the  injection  more  than  3  weeks  after 
the  inoculation  had  actually  been  made.  The  stained  organisms, 
nearly  but  not  quite  killed  by  their  exposure  to  the  dye,  had  suffi- 
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ciently  recuperated  at  the  end  of  26  days  to  bring  about  the  death  of 
the  animal  from  anthrax.  In  the  animals  which  survived  the  inocu- 
lation entirely  it  is  not  unlikely  that  the  defensive  mechanism  of  the 
body  was  successful  in  overcoming  the  bacteria,  which  were  injured 
but  not  killed.  The  experiments  prove  that  the  survival  of  injected 
animals  does  not  necessarily  prove  that  the  organisms  injected  were 
dead. 

SUMMARY. 

1.  A  gentian-positive  strain  (a  "  strain- within-a-strain"  variant) 
has  been  isolated  from  a  pure  culture  of  a  gentian-negative  organism. 
This  observation  corresponds  to  that  of  a  "strain-within-a-species" 
variant,  occurring  in  the  enteritidis  group,  reported  some  years  ago. 

2.  The  Gram  reaction  and  the  gentian  reaction  do  not  depend,  as  has 
been  assumed  in  previous  publications,  on  the  specific  affinity  of  the 
gentian-positive  organisms  for  a  portion  of  the  gentian  violet  molecule, 
since  certain  Gram-negative  strains  are  shown  to  be  gentian-positive. 

3.  Dead  bacterial  bodies  interposed  between  living  bacteria  and 
gentian  violet  media  partially  negative  the  effect  of  the  dye  on  Gram- 
positive  organisms  and  allow  them  to  grow.  This  seems  to  be  either 
a  phenomenon  of  filtration  or  of  stimulation  of  growth. 

4.  The  application  of  these  facts  by  the  method  of  divided  plates 
shows  a  number  of  difiiculties  in  the  application  of  laboratory  studies 
to  chemotherapeutics,  which  would  escape  observation  by  ordinary 
methods. 

EXPLANATION  OF  PLATES. 
Plate  75. 

Fig.  1.  Divided  gentian  violet  plate  (gentian  violet  1:100,000).  T,  B.  typho- 
sus; S,  Micrococcus  aureus;  OA,  Oidium  albicans;  Su,  B.  subtilis;  C,  B.  coli.  It 
is  the  strongly  Gram-positive  organisms  that  fail  to  grow  and  the  strongly  Gram- 
negative  ones  that  grow. 

Fig.  2.  24  hour  cultures  of  B.  coli.  Disappearance  of  all  colonies  from  the 
gentian  violet  agar  side  of  the  plate  as  the  dilution  of  suspension  used  for  stroking 
becomes  weaker.     C,  B.  coli;  Broth,  broth  culture  (undiluted). 
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(Cluirchman:  lUli;ivior  of  Ijacteria  toward  gentian  violet.) 
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Plate  76. 


Fig.  3.  Eflfect  of  staining  on  Gram-negative  B.  colt  and  Gram-positive 
Oidium  albicans  (cf.  Fig.  4).  C,  unstained  B.  coli  (control);  C ,  stained  B.  coli; 
0,  unstained  Oidium  albicans  (control) ;  0' ,  stained  Oidium  albicajts. 

Fig.  4.  Effect  of  staining  increasingly  weak  dilutions  of  a  suspension  of  B.  coli 
with  gentian  violet.     Con,  unstained  organisms;  St,  stained  organisms. 

Fig.  5.  Behavior  of  Strains  X  and  Y  on  a  divided  plate  6  weeks  after  first 
isolation. 

Fig.  6.  Behavior  of  Strains  X  and  Y  on  exposure  to  gentian  violet  6  weeks 
after  first  isolation.  Plain  agar  plate.  X,  unstained  organisms  (control);  X' , 
stained  organisms.     Y,  unstained  organisms  (control) ;  Y' ,  stained  organisms. 

Fig.  7.  B.  sublilis  on  a  divided  plate.  The  upper  half  contains  gentian  violet 
in  1:1,000,000  dilution.     (^4  refers  to  the  series  of  experiments.) 

Fig.  8.  Two  strokes  of  a  thick  suspension  of  B.  sublilis  were  made.  On  the 
right  nothing  further  was  done.  On  the  left  reinoculations  were  made  on  the 
gentian  violet  agar. 

Plate  77. 

Fig.  9.  Implantation  of  B.  sublilis  on  the  surface  of  gentian  violet  agar;  no 
growth  resulted,    a,  site  of  inoculation. 

Fig.  10.  Implantation  of  B.  sublilis  on  gentian  violet  agar  the  surface  of 
which  had  been  covered  with  a  thin  layer  of  killed,  washed  organisms,  a,  colony 
of  B.  sublilis;  b,  layer  of  killed  washed  organisms  {B.  sublilis);  c,  photograph  of  the 
surface  of  the  tube,  showing  the  colony  of  B.  sublilis. 

Fig.  11.  The  figure  shows  how  the  result  of  an  experiment  in  glass  on  the 
effect  of  a  bacteriostatic  agent  may  vary  with  sHghtly  changing  conditions  and 
illustrates  some  of  the  difficulties  encountered.  A,  stroke  of  a  suspension  of 
B.  sublilis;  B,  stroke  of  a  suspension  of  B.  sublilis  with  reinoculation  of  gentian 
violet  agar;  C,  stroke  of  a  thick  suspension  of  B.  coli;  D,  stroke  of  a  thin  sus- 
pension of  B.  coli;  E,  stroke  of  a  thick  suspension  of  Strain  X;  F,  stroke  of  a  thin 
suspension  of  Strain  X;  G,  stroke  of  a  thick  suspension  of  Strain  Y. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  May  1,  1921, 
V^ol.  xxxiii,  No.  5,  pp.  583-591.] 
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Plates  78  to  80. 

(Received  for  publication,  November  3,  1920.) 

The  isolation  of  a  strain  of  Bacillus  coli  fast  to  gentian  violet, 
that  is  one  containing  no  individuals  susceptible  to  the  bacterio- 
static properties  of  the  dye,^  has  made  it  possible  to  study  quanti- 
tatively the  reaction  between  this  bacteriostatic  agent  and  bacteria, 
without  encountering  the  disturbing  factor  usually  met  in  such  studies 
which  results  from  the  variability  in  susceptibility  of  individual 
organisms  to  the  chemical  substance  under  examination.  This  strain 
— Strain  X — had  been  isolated  from  a  single  colony  growing  on  gen- 
tian \dolet  agar,  and  had  been  kept  growing,  by  frequent  transplants, 
on  media  containing  the  dye,  over  a  period  of  several  weeks.^  The 
ability  of  every  indi\'idual  to  grow  in  the  presence  of  the  dye  had  there- 
fore been  proved. 

With  this  strain  a  large  number  of  single  cell  and  small  group 
transplants  have  been  made  in  order  to  see  whether  any  difference 
could  be  observed  between  the  behavior  of  isolated  individual  organ- 
isms and  that  of  very  small  aggregations  of  the  same  organisms. 
The  experiments  showed  that  a  marked  difference  exists. 

The  technique  used  was  that  of  Barber.^  Only  motile  organisms 
were  transplanted.  The  transplants  were  always  made  with  young 
broth  cultures  2  to  4  hours  old,  but  it  was  found  equally  important 
to  use  for  the  stock  cultures,  from  which  the  broth  cultures  for  study 
were  made,  fresh  agar  transplants  not  more  than  18  hours  old;  when 

*  A  preliminary  report  of  these  observations  was  published  in  the  Proceedings 
of  the  Society  of  Experimental  Biology  and  Medicine  (Churchman,  J.  W.,  Proc. 
Soc.  Exp.  Biol,  and  Med.,  1920,  xviii,  22). 

1  Churchman,  J.  W.,  /.  E.vp.  Med.,  1921,  xxxiii,  569. 

^  See  Figs.  5  and  6,  of  the  preceding  paper.^ 

3  Barber,  M.  A.,  Philippine  J.  Sc,  1914,  ix,  307. 
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older  agar  transplants  were  used  there  were  delay  and  inconstant 
results  in  the  controls.  We  observed  this  type  of  lag,  due  to  the  age 
of  the  culture  from  which  the  subculture  for  the  transplantation  was 
made,  independently,  before  knowing  of  Chesney's  work."  To  bear 
it  in  mind  in  single  cell  work  is  essential. 

To  determine  the  behavior  of  single  cells  in  the  presence  of  gen- 
tian violet,  transplantations  were  made  onto  gentian  violet  agar  and 
into  gentian  violet  broth,  and  by  way  of  comparison,  similar  trans- 
plants of  small  groups  of  cells  were  made  into  the  same  media. 

Transplantation  onto  Gentian  Violet  Agar. 

Although,  as  has  been  said,  the  organism  with  which  the  experi- 
ments were  done  was  definitely  gentian-negative  and  grew  with 
apparently  no  inhibition  when  strokes  of  a  heavy  suspension  were 
made  onto  agar  containing  the  dye,^  transplants  of  single  cells  almost 
never  grew,  although  as  high  as  85  per  cent  positives  were  obtained 
in  the  controls.  In  the  only  two  instances  in  the  whole  series  of 
single  cell  transplants  in  which  growth  occurred,  marked  delay  took 
place,  a  delay  which  was  never  observed  in  the  controls.  Moreover, 
transplants  of  small  groups  of  organisms  (five  to  fifteen)  did  not  grow, 
though  transplants  of  thirty  individuals  grew  regularly  (Figs.  1  to  5). 

Transplantation  into  Gentian  Violet  Broth. 

The  experiments  just  cited  made  it  seem  likely  that  there  was 
some  fundamental  difference  between  the  behavior  of  a  single  cell  and 
that  of  a  small  group  of  cells  in  the  presence  of  gentian  violet  and  this 
probability  became  a  certainty  as  a  result  of  the  transplantations 
made  into  gentian  violet  broth  in  a  dilution  of  1: 100,000,  pH  7.2. 
The  gentian  negativeness  of  the  organism  used  for  this  series  of  experi- 
ments was  even  more  authentic  than  that  of  the  one  used  in  the  agar 
experiments.  It  came  from  the  colony  marked  B  in  Fig.  5.  This 
was  one  of  the  only  two  colonies  which  ever  appeared  in  our  experi- 
ments after  transplantation  of  a  single  cell  onto  gentian  violet  agar. 
Colony  A  on  this  plate  was  just  visible  at  the  end  of  18  hours,  though 

"  Chesney,  A.  M.,  /.  Exp.  Med.,  1916,  xxiv,  387. 
^  See  Fig.  5  of  the  preceding  paper.^ 
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the  controls  were  well  developed  at  this  time  (Fig.  3).  At  the  site 
where  Colony  B  subsequently  developed  nothing  was  at  this  time  to 
be  seen,  even  with  a  magnifying  glass;  Colony  B  appeared  during 
the  second  24  hours. 

The  organisms  in  Colony  B  provided  material  for  a  study  of  the 
effect  of  gentian  violet  on  single  cell  transplants  that  was  above 
criticism.  Xot  only  had  it  come  from  a  pure  gentian-negative  strain 
and  been  kept  growing  for  weeks  on  gentian  violet  media,  but  the 
organisms  in  Colony  B  were  all  the  descendants  of  a  single  cell  which 
had  survived  and  reproduced  in  the  presence  of  the  dye.  One  could 
feel  certain  that  every  individual  in  this  culture  was  gentian  violet- 
negative;  one  did  not  have  to  consider  the  possibility  that  failure  of 
growth  in  single  cell  transplants  might  be  a  matter  of  chance  and  due 
to  the  presence  of  indi\dduals  susceptible  to  the  dye,  which  hap- 
pened to  be  picked  up.  As  a  matter  of  fact,  this  possibility  of  a 
chance  picking  up  of  susceptible  organisms  could  hardly  be  seriously 
considered  as  an  explanation  of  the  results,  if  the  large  number  of 
transplants  made  is  borne  in  mind. 

The  pedigree  of  Colony  B  is  shown  in  Text-fig.  1.  The  results  of 
the  inoculation  of  broth  with  this  strain  which  was  called  Strain  Z 
showed  beyond  doubt  that  there  is  a  fundamental  difference  between 
the  behavior  of  one  cell  and  that  of  a  small  group  of  cells  toward 
gentian  \-iolet.  80  per  cent  positives  were  obtained  in  the  controls  in 
which  single  cells  were  inoculated  into  plain  broth;  and  almost  100 
per  cent  positives  were  obtained  when  thirty  or  more  cells  were 
planted  in  gentian  violet  broth.  Yet  when  single  cells  were  planted 
in  gentian  violet  broth,  or  when  very  small  groups  (two  to  eight 
organisms)  were  seeded,  growth  did  not  occur  (Figs.  6  and  7).  On 
the  basis  of  140  successive  single  cell  transplants  into  gentian  \'iolet 
broth  without  growth  in  any  instance,  the  conclusion  seemed  justified 
that  single  cells  would  never  grow  under  these  conditions.  In  a  final 
series,  however,  of  eight  inoculations  delayed  growth  was  obtained 
in  one  tube  in  the  second  24  hours,  an  occurrence  so  rare  that  it 
seems  justifiable  to  regard  it  as  the  occasional  and  unexplained 
exception  met  with  in  the  study  of  almost  every  biological  phenom- 
enon. These  negative  results  with  single  cells  were  striking  when 
compared  with  the  almost  absolute  constancy  with  which  growth 
occurred  when  groups  of  thirty  or  more  cells  were  inoculated. 
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The  term  communal  activity  of  bacteria  is  used  to  express  the 
facts  just  detailed.  This  term  is  open  to  the  objection  that  bacterial 
interreactions  are  implied,  for  which  there  is  at  present  no  rigorous 
evidence.  It  might  be  that  thirty  cells  succeed  in  growing,  merely 
because  thirty  cells  are  able  to  produce  some  antidye  substance  in  an 
amount  sufficient  to  destroy  the  bacteriostatic  effect  of  the  dye, 
while  one  cell  fails  to  grow  because  it  is  unable  to  do  this.     Without 
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Text-Fig.  1.  Pedigree  of  Strain  Z.  A,  original  culture  of  B.  coli,  containing 
gentian-negative  and  gentian-positive  individuals;  B,  pure  culture  of  gentian- 
negative  strain,  isolated  from  A;  C,  pure  culture  of  gentian-positive  strain  iso- 
lated from  A;  D,  single  cell  from  Strain  B;  E,  colony  resulting  from  planting 
Strain  D  on  agar. 

implying  anything  as  to  the  underlying  source  of  the  phenomenon 
we  use  the  term  communal  activity  to  describe  it  in  order  to  indicate 
that  in  the  contest  between  bacteria  and  bacteriostatic  agents  very 
small  groups  of  organisms  may  be  able  to  accomplish  together  what 
they  could  not  accomplish  if  working  singly.  The  significance  of 
these  facts  for  the  study  of  chemotherapy  and  particularly  for  the 
study  of  the  effect  of  bacteriostatic  agents  by  the  single  cell  method  is 
clear.     One  carmot  conclude  from  the  behavior  of  a  single  cell  in  the 
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presence  of  such  a  substance  anything  as  to  the  behavior  of  a  group 
of  cells,  even  a  very  small  group,  under  the  same  conditions. 

It  may  perhaps  be  again  emphasized  that  the  results  obtained  in 
these  experiments  were  clearly  not  due  to  individual  variants,  suscep- 
tible to  gentian  violet,  which  happened  to  be  picked  up  in  making  the 
single  cell  transplants.  Not  only  was  the  strain  used  one  which 
had  proved  its  insusceptibility  to  gentian  violet  by  growing  in  the 
presence  of  this  dye,  but  the  failure  of  growth  in  140  consecutive 
single  cell  transplants  into  gentian  \dolet  broth  eliminates,  by  the 
law  of  probabilities,  such  an  explanation. 

It  should  be  clear  that  the  fact  here  established  is  of  a  different 
order  from  the  well  known  relation  between  growth  and  gross  size 
of  inoculum.  The  presence  of  large  numbers  of  dead  organisms  in 
the  ordinary  culture  and  of  organisms  which,  though  living,  are  sus- 
ceptible to  the  slightly  unfavorable  conditions  of  the  new  media  into 
which  they  are  transplanted  makes  it  more  probable  that  growth  will 
follow  the  inoculation  of  media  with  500,000,000  organisms  than  if 
only  500  are  used.  But  in  the  experiments  described  here  only  living, 
motile  organisms  were  used,  and  only  individuals  from  a  strain 
which  had  proved  its  ability  to  grow  in  the  presence  of  the  dye  and  did 
so  constantly  when  inoculated  in  groups  of  thirty  or  more.  It  seems 
probable  that  some  factor  not  hitherto  recognized  must  be  found  to 
account  for  the  difference  in  behavior  between  one  cell  and  thirty 
cells  and  that  it  is  a  factor  other  than  that  which  accounts  for  the 
difference  in  behavior  between  500  cells  and  500,000,000. 

We  have  done  a  large  number  of  experiments  to  determine  whether 
the  facts  just  detailed  were  to  be  explained  simply  by  the  relation 
of  the  number  of  transplanted  organisms  to  the  amount  of  available 
gentian  violet;  that  is,  whether  the  whole  phenomenon  is  a  purely 
quantitative'  one.  Large  inoculations  of  this  gentian-negative  strain 
grow  in  the  presence  of  gentian  violet  without  any  apparent  restraint; 
so,  too,  do  inoculations  of  thirty  cells;  whereas  single  cells,  under 
identical  conditions,  do  not  grow  at  all.  This  might  be  due  to  the 
fact  that  groups  of  cells,  even  small  groups  of  thirty  individuals,  were 
able  to  make  some  change  in  the  dye,  gentian  violet  being  assumed  to 
offer  a  slightly  unfavorable  medium  even  for  this  gentian-negative 
strain,  in  spite  of  the  absence  of  any  apparent  inhibition  to  the  growth 
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of  groups  of  cells.  Single  cells  might  be  unable  to  efifect  this  change 
in  dye  in  an  amount  sufficient  to  allow  growth  to  take  place.  If  this 
explanation  were  the  correct  one,  it  should  be  possible  to  demonstrate 
an  approximate  relation  between  the  number  of  organisms  and  the 
amount  of  gentian  violet  broth  in  which  a  given  group  could  grow. 
In  the  experiments  thus  far  described  the  transplants  were  made  into 
5  cc.  of  1 :  100,000  gentian  violet  broth.  Under  these  conditions  one 
cell  would  not  grow  but  thirty  cells  would.  If  it  is  assumed  that  this 
was  because  thirty  cells  could  produce  thirty  times  the  amount  of 
antidye  substance  produced  by  one  cell,  then  by  merely  multiplying 
by  thirty  the  amount  of  gentian  violet  broth  into  which  the  inocu- 
lations were  made,  that  is  by  using  for  example  150  cc,  the  growth 
of  thirty  organisms  should  be  prevented.  As  a  matter  of  fact 
thirty  organisms  will  grow,  with  a  fair  degree  of  constancy,  not  only 
in  this  amount  of  gentian  violet  broth,  but  in  very  much  larger 
amounts.  When  inoculations  of  thirty  organisms  were  made,  for 
example,  into  a  liter  of  gentian  violet  broth,  growth  occurred  in  60 
per  cent  of  the  flasks,  though  if  the  explanation  of  the  phenomena 
described  were  purely  quantitative  it  should  be  necessary  to  seed  6,000 
organisms  into  this  amount  of  gentian  violet  broth  in  order  to  obtain 
growth;  that  is,  thirty  organisms  accomplish  not  thirty  times  what 
one  organism  accomplishes,  but  very  much  more  than  this.  This 
discrepancy  between  the  work  actually  accomplished  by  thirty  organ- 
isms, and  the  work  which  they  might  be  expected  to  accomplish  on  a 
purely  quantitative  basis  is  represented  by  the  line  A-B  in  Text- 
fig.  2. 

It  might  be  objected  that  bacteria  ought  not  to  be  thought  of  as 
units  exactly  equal  to  one  another  in  efficiency.  A  given  group  of 
thirty  might  be  able  to  do  only  fifteen  times  the  work  of  one  very 
\dgorous  organism,  while  another  group  of  thirty  might  be  able  to 
do  60  times  the  work  of  a  relatively  weak  organism.  If,  however, 
there  was  any  very  marked  individual  variation  in  the  ability  of 
individual  organisms  to  cope  with  gentian  violet,  this  would  have 
shown  itself  in  occasional  growths  of  \dgorous  cells  when  single  cell 
transplants  were  made.  Furthermore,  such  a  variation  would  hardly 
explain  why  thirty  cells  can  grow  in  a  liter  of  gentian  \iolet  broth, 
and  thus  do  what  not  less  than  6,000  might  be  expected  to  do. 
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Text-Fig.  2.  The  solid  line  at  the  bottom  of  the  chart  represents  the  curve 
of  growth  of  thirty  organisms.  These  grow  even  in  a  Uter  of  gentian  violet  broth. 
The  dotted  line  represents  the  curve  that  would  be  expected  if  the  growth  of 
groups  of  organisms  depended  entirely  on  the  quantity  of  available  gentian  violet; 
in  a  liter  of  gentian  violet  broth  6,000  organisms  would  have  to  be  seeded  to  pro- 
duce growth.  The  line  A-B  represents  the  discrepancy  between  what  actually 
occurs  and  what  would  be  expected  to  occur  from  a  quantitative  theory  of  the 
difference  between  the  behavior  of  one  cell  and  that  of  a  group  of  cells. 
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That  the  amount  of  available  gentian  violet  does,  within  very 
narrow  limits,  play  some  part  in  the  prevention  of  growth  of  single 
cells  is  shown  in  Text-fig.  3.  The  dotted  line  A-B  represents  the 
results  of  single  cell  inoculations  into  gentian  violet  broth.  It  will 
be  seen  that  single  cells  never  grow  in  more  than  0.8  cc,  but  that  in 
amounts  smaller  than  this  a  fair  number  of  positives  occur.  When 
0.1  cc.  was  used  60  per  cent  positives  were  obtained.  The  corre- 
sponding amount  of  gentian  violet  broth  for  thirty  organisms  would 
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Text-Fig.  3.  A-B  is  the  curve  of  growth  for  single  cells — 0  per  cent  when 
5  cc.  of  broth  were  used,  60  per  cent  when  0.1  cc.  was  used.  C-D  is  the  curve  of 
growth  for  thirty  cells,  100  per  cent  when  5  cc.  of  broth  were  used,  60  per  cent 
when  1  liter  was  used. 

be  thirty  times  0.1  cc,  or  3  cc;  yet  as  a  matter  of  fact  60  per  cent 
positives  were  obtained  with  thirty  organisms  in  over  300  times 
this  amount  of  gentian  violet  broth;  that  is,  in  a  liter  (Text-fig.  3, 
line  C-D).  It  is  important  to  observe  that  the  amount  of  broth 
used  for  the  experiments,  independent  of  the  amount  of  gentian 
violet,  did  not  play  a  part  in  the  results,  for  in  experiments  made  to 
determine  this  point,  75  per  cent  positives  were  obtained  when  single 
cells  were  inoculated  into  a  liter  of  plain  broth. 
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(Churchman  and  Kahn:  Communal  aclivily  of  bacteria.) 
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(Churchman  and  Kahn:  Communal  activity  of  bacteria.) 
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(Churchman  and  Kahn:  Communal  activity  of  bacteria.) 
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It  seems  clear,  therefore,  that  thirty  cells,  instead  of  being  able 
to  accomplish  thirty  times  v/hat  one  cell  can  accomplish,  are  able  to 
accomplish  very  much  more  than  this.  To  this  discrepancy  between 
the  work  that  thirty  cells  can  do  and  the  work  they  might  be  expected 
to  do,  on  a  purely  quantitative  basis,  the  term  communal  activity  has 
been  applied.  For  the  present  its  nature  cannot  be  more  accurately 
defined. 

SUMMARY. 

1.  The  behavior  of  a  single  bacterial  cell  toward  gentian  violet 
differs  fundamentally  from  that  of  a  small  group  of  cells  (thirty). 

2.  The  explanation  of  this  phenomenon  is  not  purely  quantitative; 
thirty  cells  accomplish  much  more  than  thirty  times  what  one  cell 
can  accomplish. 

EXPLANATION  OF  PLATES. 
Plate  78. 

Fig.  1.  Single  unstained  cells  planted  on  gentian  violet  agar;  no  growth. 

Fig.  2.  Groups  of  unstained  cells  of  a  gentian-negative  strain  of  B.  coli  planted 
on  gentian  violet  agar.  The  smaller  groups  did  not  grow.  The  number  of  cells 
in  the  group  planted  is  indicated  on  each  tube. 

Plate  79. 

Fig.  3.  Transplantation  of  single  cells  on  plain  agar  for  control.  In  Divi- 
sions 1  and  2  two  separate  plants  (c  and  b,  c,  and  d)  were  made,  in  the  other  divi- 
sions only  one.     Six  growths  were  obtained  out  of  seven  plants. 

Fig.  4.  Transplantation  of  single  cells  of  B.  coli  on  gentian  violet  agar.  One 
cell  was  planted  in  each  of  the  ten  divisions.     No  growth  occurred. 

Fig.  5.  Transplantation  of  single  cells  of  B.  coli  on  gentian  violet  agar.  A 
single  cell  was  planted  in  each  division.  A,  barely  visible,  B,  invisible  at  the 
end  of  24  hours.  These  two  colonies  are  the  only  two  growths  which  have  ever 
occurred  from  smgle  cells  in  gentian  violet  media. 

Plate  80. 

Fig.  6.  Single  cell  transplantations  into  broth.  Strain  Z,  a  gentian-negative 
strain  from  a  single  ceU,  was  used  for  the  seeding.  Growth  is  represented  by  shad- 
ing. 80  per  cent  positives  were  obtained  in  the  control  series  (upper  row),  no 
positives  in  the  gentian  violet  broth  series  (lower  row). 

Fig.  7.  Group  transplantations  of  a  gentian-negative  strain  of  B.  coli  (Strain  Z) 
into  gentian  violet  broth.  The  number  of  cells  seeded  is  indicated  on  each  tube. 
Groups  below  twenty-seven  did  not  grow.  Compare  the  growth  of  the  larger 
groups  with  the  failure  of  single  cells  to  grow  (see  Fig.  6). 
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Of  the  various  features  of  the  anilin  dyes  which 
make  them  an  attractive  suhject  for  experimental 
investigation,  I  will  consider  the  three  with  which  my 
own  studies  of  gentian  violet  (and  more  recently  of 
acid  fuchsin)   have  been  chiefly  concerned. 

THE     SELECTIVE     POWER     OF     THE     ANILIN     DYES 

One  of  the  most  striking  examples  of  selective  bac- 
teriostatic power  is  furnished  by  gentian  violet.  The 
behavior  of  bacteria  toward  this  dye  follows  pretty 
closely  the  Gram  reaction,  and  this  feature  is  char- 
acteristic also  of  other  triphenylmethane  dyes,  among 
them  magenta.^  These  facts  are  now  well  known ; 
but  I  have  recently  been  able  to  show  that  the  behavior 
of  bacteria  toward  acid  fuchsin  (a  sulphonated  tri- 
phenylmethane) is,  in  certain  respects,  the  exact  reverse 
of  their  behavior  toward  the  basic  dyes.  If  bacteria 
are  exposed  to  acid  fuchsin  and  planted  on  plain  agar, 
it  is  found  that  it  is  now  the  gram-positive  spore- 
bearing  aerobes  which  survive,  and  the  commoner 
gram-negative  bacteria  which  die.  A  plate  stroked, 
for  example,  with  Bacillus  paratyphosus  and  Bacillus 
pseudo-anthracis  which  have  been  exposed  to  acid 
fuchsin  will  show  vigorous  growth  of  the  latter,  and 
none  whatever  of  the  former;  while  if  the  experiment 
is  done  with  gentian  violet  or  magenta  there  will  be 
vigorous  grow^th  of  B.  paratyphosus,  and  none  what- 
ever of  B.  pseudo-anthracis  (Fig.  1).  I  have  pre- 
viously shown  that  it  is  quite  a  simple  matter  to  rid  a 
culture  of  gram-negatives  of  contaminating  gram- 
positives  by  exposing  the  mixture  of  the  two  organisms 
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to  gentian  violet,  previous  to  plating;  and  it  is  equally 
easy  to  rid  gram-positive  spore  bearers  of  contami- 
nating gram-negatives  by  exposing  tbe  mixture  to  acid 
fuchsin.  One  can  thus  quite  easily  from  a  mixture, 
let  us  say.  of  Bacillus  pyucyaneiis  and  Bocillits  iiicga- 
tlicrinni,  jjick  out  at  will  either  organism  in  pure  culture 
by  the  use  of  these  two  dyes  (Fig.  2). 

It  proves,  moreover,  to  be  the  case  (experiments 
with  sulphanilic  acid,  chromotropic  acid  and  ethyl- 
sulphonic  acid  furnished  the  proof)  that  it  is  the 
sulphonic  acid  group  in  the  acid  fuchsin  which 
accounts  for  this  reverse  selective  power.  We  have 
succeeded,  therefore,  for  the  first  time  in  determining 
which  part  of  a  dye  molecule  is  responsible  for  its 
selective  activity,  and  it  is  interesting  that  this  portion 
is  colorless  (Figs.  3,  4  and  5). 


Fig.  1. — Plates  stroked  with  B.  parathyphosus  and  B.  pseudo- 
anthracis  which  have  been  exposed  to  magenta  (A)  and  acid  fuchsin 
(B):  Para,  B.  paratyphosus,  unstained  for  control;  Para',  stained  B. 
parathyphosus;  PS,  B.  pseudo-anthracis,  unstained  for  control;  PS', 
stained  B.  pseudo-anthracis.  In  Plate  A  (magenta),  stained  para- 
typhosus has  been  unaffected;  stained  pseudo-anthracis  has  been  killed. 
In  Plate  B  (acid  fuchsin),  stained  paratyphosus  has  been  killed;  stained 
pseudo-anthracis  is   unaffected. 


The  facts  just  referred  to  would  seem  to  bring  the 
problem  of  the  Gram  reaction  very  much  nearer  solu- 
tion. Since  opposite  selective  activities  have  been 
demonstrated  for  two  dyes  (magenta  and  acid 
fuchsin),  and  since  the  chemical  group  in  the  latter 
dye  responsible  for  its  selective  activity  has  been 
determined,  data  would  seem  to  be  at  hand  for  a 
chemical  explanation  of  the  difference  between  the  two 
types  of  organism. 


The  facts  just  cited  are  significaiu  for  the  proljlems 
of  chemotherapy  in  the  following  respects: 

1.  It  is  clear  that  the  cleavage  of  bacteria  repre- 
sented by  the  Gram  reaction  may  have  therapeutic 
importance.  This  matter  is  not  so  simple  as  appeared 
to  be  the  case  when  the  parallelism  between  Gram 
reaction  and  gentian  violet  reaction  was  first  observed. 
One  of  the  facts  which  complicated  matters  was 
brought  to  light  by  the  observation  last  year  of  two 
strains  within  a  pure  culture  of  Bacillus  coli.  Both  of 
these  were  gram-negative.  Yet  one  of  them  grew  well 
in  the  presence  of  gentian  violet,  while  the  other  would 
not  grow  at  all.  This  is  one  of  the  pioneer  observa- 
tions of  microbic  dissociation,  as  it  has  since  come 
to  be  called. - 


Fig.  2. — Method  by  which  either  of  two  organism;  desired  may  be 
isolated  from  a  mixture  of  gram-positive  spore  bearers  and  gram- 
negative  bacteria  by  exposing  the  mixture  to  acid  fuchsin  or  gentian 
violet.  Plate  A  has  been  stroked  with  the  mixture  after  exposure  to 
acid  fuchsin:  a  pure  culture  of  B.  megatherium  results.  Plate  B  has 
been  stroked  with  the  same  mixture  after  exposure  to  gentian  violet; 
a   pure   culture   of    B.    pyocyaneus   results. 


It  is  clear,  too,  that  the  recent  observations  with  acid 
fuchsin  make  it  necessary  to  modify  somewhat  my 
published  statement  that  "gram-negative  organisms  are 
less  susceptible  to  many — possibly  to  all — selective 
bacteriostatic  substances  than  gram-positive  organ- 
isms" ;  for,  as  compared  at  least  with  the  spore- 
bearing  aerobes,  they  are  not  less  but  more  susceptible 
to  acid  fuchsin.  But  these  facts  only  emphasize  the 
soundness  of  the  principle  of  selective  bacteriostasis 
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alons::    ihc    line    of    cleavage    indicated    by    the    Gram 
reaction. 

What  is  the  fundamental  nature  of  these  selective 
activities?  An  easier  ])enetrability  of  the  gram- 
positive  organisms  has  frequently  been  assumed,  to 
explain  their  susceptibility  to  the  triphenylmethanes. 
But  acid  fuchsin,  as  well  as  gentian  violet,  penetrates 
the  gram-positive  spore  bearers  more  readily  than  it 
does  the  gram-negatives ;  yet  it  does  not  kill  them, 
though  it  kills  the  negatives.  Moreover,  gentian  violet 
penetrates  the  spores  little  if  at  all,  yet  they  are  highly 
susceptible  to  it;  and  gram-negatives  may  be  deeply 
stained  without  killing  them.  Something  other  than 
penetration  must  therefore  be  concerned.  It  is  tempt- 
ing to  assume  that  electrical  adsorption  plays  a  part. 


Fig.  3. — Opposite  selective  powers  of  sulphanilic  acid  and  gentian 
violet:  Plate  A,  gentian  violet;  Plate  B,  sulphanilic  acid;  F,  B.  prodigi- 
osus  unstained  for  control;  P',  B.  prodigiosus  stained;  A,  B.  anthracis 
unstained  for  control;  A',  B.   anthracis  stained. 


particularly  since  basic  dyes — which  are  electroposi- 
tive— behave  in  one  way  toward  bacteria,  "'bile  acid 
dyes  (which  are  electronegative)  behave  hi  certain 
significant  respects  in  exactly  opposite  ways.  These 
leads  would  seem  to  point  the  way  to  a  better  under- 
standing of  the  chemistry  of  the  spore  and  of  the 
mechanism  of  the  Gram  reaction. 

2.  Anilin  dyes,  however,  are  not  only  selective  as 
between  species  of  bacteria;  they  are  also  selective  as 
between  bacteria  and  tissue  cells.  It  was  shown  in 
1913  that  the  living  nucleus  can  be  stained  by  gentian 
violet,  a  dye  which  kills  many  organisms.^     Later  it 
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was  shown  by  injections  of  the  dye  into  the  human 
knee  joint  during  Hfe  that  the  nuclei  of  the  synovial 
membrane  may  be  stained  without  injury.*  Complete 
experimental  evidence  has  thus  for  the  first  time  been 
brought  for  the  principle  that  agents  which  kill  bacteria 
may  be  innocuous  for  the  vital  part  of  tissue  cells,  even 
though  they  have  penetrated  it. 

I  have  already  indicated  by  clinical  studies  some  of 
the  possibilities  of  selective  chemotherapy  by  showing, 
in  a  study  of  amputation  wounds  at  the  Walter  Reed 
Hospital,  that  it  was  comparatively  easy  to  eliminate 
the  gram-positive  Bacillus  diphthcriae  from  granulating 
wounds  with  gentian  violet,  but  extremely  difficult  to 


Fig.  4. — Reverse  selective  jinwer  of  chromotrnphic  acid.  Py, 
B.  pyocyaneus,  unstained  for  control;  Py',  B.  pyocyaneus,  exposed  to 
chromotropic  acid;  An,  B.  anthracis.  unstained  for  control;  An',  B.  an- 
thrasis,  exposed  to  chromotropic  acid;  M,  B.  megatherium,  unstauied; 
.1/',  B.  megatherium,  exposed  to  chromotropic  acid.  The  gram-negatives 
have  b\en   killed;   the  gram-positives   are  unaffected. 

get  rid  of  the  gram-negative  B.  coli.  This  was  a 
deliberate  attempt  to  apply  chnically  thepnnciple  of 
selective  bacterio.stasis  along  the  lines  indicated  by 
laboratory  studies,  and  it  was  a  successful  attempt. 
A  further  step  which  might  be  taken  in  the  same  direc- 
tion is  suggested  by  the  recent  studies  with  acid 
fuchsin.  This  dye  kills  B.  pyocyaneus,  an  organism 
which  frequently  occurs  as  a  troublesome  secondary 
invader  of  wounds,  and  which  is  almost  unaffected 
by  gentian  violet.  There  may  well  be  many  other 
similar  instances  of  selective  activity;  and  since  the 
number  of  bacteria  is  large  and  the  number  of  dyes 
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and  related  substances  huge,  the  i)OssibiHties  seem 
sutTiciently  great.  The  demonstration  that  gram- 
negatives  are  more  susceptible  to  acid  fuchsin  than 
gram-positive  spore  bearers,  and  the  successful  isola- 
tion of  the  chemical  group  responsible  for  this  reverse 
selective  power,  open  up  new  lines  of  approach  in  this 
field. 

BACTERIOSTASIS 

Since  the  time  of  Ehrlich,  sterilisans  magna — the 
destruction  of  all  invading  organisms  at  one  stroke — 
has  been  the  ideal  of  the  therapeutics  of  infection.  If 
the  substances  capable  of  producing  such  a  result  were 
always  nontoxic  to  the  host,  only  that  ideal  should  be 
pursued.  But  this  is  not  the  case;  and  the  cjuestion 
arises    whether    there    may    not    also    be    a    place    in 


Fig.  5. — Reserve  selective  power  of  ethyl-sulphonic  acid.  Notation 
same  as  in  Figure  4.  The  gram-negatives  have  been  killed;  the  gram- 
positives  are  unaffected. 


therapeutics  for  the  principle  of  bacteriostasis :  for  the 
use,  that  is  to  say,  of  substances  which — in  dilutions 
too  weak  to  do  the  slightest  damage  to  tissue  cells — 
prevent  the  growth  of  bacteria  (though  they  may  not 
kill  them)  and  thus  give  the  tissues  a  chance  to 
recover  of  themselves. 

Gentian  violet  possesses  both  bactericidal  and  bac- 
teriostatic properties.  The  former  are  well  brought 
out  by  means  of  divided  plates,  and  its  possibilities  for 
technical  tricks  in  bacteriology  are  numerous.  A  con- 
taminating colony  on  a  Petri  dish,  for  example,  may  be 
readily  controlled  by  ringing  it  with  the  dye  (Fig.  6), 
and  separation  of  gram-positives  in  pure  culture  may 
be    accomplished    with    great    nicety    by   growing   the 


organisms  on  mediums  containing  the  dye.  In  the  case 
of  gentian  violet,  bactericidal  and  bacteriostatic  prop- 
erties run  parallel ;  but  this  is  not  true  of  acid  fuchsin 
and  related  substances,  a  puzzling  fact  for  which  an 
explanation  has  been  suggested  but  not  established. 

Whatever  the  mechanism  of  bacteriostasis  may  be. 
it  would  seem  to  be  a  sound  therapeutic  principle.  I 
have  shown  that  successful  use  may  be  made  of  the 
principle  in  the  sterilization  of  acutely  infected  joints 
and  in  ridding  stumps  of  an  infection  with  B.  diph- 
tlicriac.  In  the  joint — a  closed  cavity — the  problem  is 
relatively  simple ;  but  one  should  not  expect  too  much 
(in  spite'  of  some  encouraging  results  already  reported) 
from  the  use  of  similar  methods  in  infections  of  the 
chest,  in  which  the  problem  is  enormously  complicated. 


Fig.  6. — Method  by  •v\hicli  a  contaminating  colony  of  B.  subtilis  may 
be  restrained  by  ringing  it  with  gentian  violet.  At  A  and  B  (Plate 
A)  inoculations  of  B.  subtilis  have  been  made;  B  has  been  ringed  with 
the  dye.  Plate  B  shows  the  same  Petri  dish  after  twenty-four  hours' 
incubation. 


Yet  even  in  the  chest  there  seems  to  be  no  good  reason 
why  the  well-known  benefits  to  be  derived  from  aspira- 
tion alone,  in  the  early  stages  of  infection,  cannot  be 
supplemented  by  mechanical  cleansing  and  the  injection 
of  bacteriostatic  agents. 


PENETRATION 

It  is  the  penetrative  power  of  anilin  dyes  which, 
more  than  any  other  characteristic,  has  attracted  atten- 
tion to  them.  Many  observers  have  noticed  that,  if 
injected  into  a  cavity  such  as  the  bladder,  these  dyes 
could  be  found  in  the  deeper  epithelial  cells.  My  own 
observation  is  the  onlv  one  that  has  been  made  on  the 
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living  human  being.  Previous  to  a  niidthigh  amputa- 
tion I  injected  the  knee  joint  v^ith  gentian  violet 
according  to  the  tcchnic  and  with  the  apparatus 
described  for  the  treatment  of  acute  arthritis.  The 
synovial  membrane  was  prepared  for  microscopic  study 
by  a  special  technic,  and  in  it  the  gentian  violet  could 
be  seen  to  have  penetrated  down  to  the  subendothelial 
layers. 

Nor  is  there  any  doubt  about  the  ability  of  dyes  to 
penetrate  living  bacteria  themselves.  This  has  been 
proved  by  adding  gentian  violet  to  a  suspension  of 
B.  coli,  and  picking  out  small  groups  of  the  organisms 
by  the  Barber  technic.  These  deeply  stained  individ- 
uals grow  readily  when  planted  on  plain  agar,  and 
must  therefore  have  been  stained  while  alive.  The 
significance  of  the  observations  already  described  on 
the  behavior  of  acid  fuchsin  and  related  sulphonic  acid 
substances  must  be  referred  to  in  this  connection. 
When  we  speak  of  penetration  of  bacteria  by  a  dye, 
we  think  of  permeation  of  the  cell  by  the  whole  dye 
molecule  or  at  least  by  the  visible  colored  portion  of  it. 
It  may  be,  however,  that  union  between  the  bacterium 
and  the  uncolored — though  active — portion  of  the  dye 
has  occurred.  In  the  case  of  acid  fuchsin,  for  instance, 
the  sulphonic  acid  group  is  responsible  for  the  dye's 
reverse  selective  action.  This  group  is  colorless  and 
would  not  be  seen  in  the  organism,  though  proof  of 
penetration  of  the  gram-negatives  is  furnished  by  their 
death. 

LIMITATIONS     OF     ANILIN     DYES 

A  few  of  the  advantages  of  the  anilin  dyes  have 
been  pointed  out ;  it  remains  to  consider  some  of  their 
limitations.  They  are  not  very  powerful  bactericides, 
though  they  lend  themselves  to  combinations  with  sub- 
stances which  are,  and  so  may  provide  these  with 
their  permeating  qualities.  But  this  is  a  procedure 
which  must  have  sharp  limitations.  The  dyes  are 
chosen  for  this  kind  of  chemical  manipulation  because 
they  are  not  toxic  for  tissue  cells.  The  substances, 
like  mercury,  with  which  they  are  usually  combined 
are  toxic ;  and  the  combinations  must  therefore  be 
made  with  great  nicety  if  their  purpose  is  not  to  be 
defeated. 

Moreover,  the  activity  of  the  dyes  may  be  impaired 
by   substances    in   their   environment.     The   inhibitory 
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effect  of  serum  is  well  known,  and  there  may  be  other 
deterrent  influences  not  now  recognized.  I  have 
shown,  for  example,  that  we  are  not  justified  in  assum- 
ing that  substances  applied  to  infected  surfaces  neces- 
sarily reach  the  invading  organisms ;  the  secretions 
may  provide  a  mechanical  barrier  against  the  antiseptic 
as  effective  as  a  layer  of  petrolatum.  If  one  is  working 
with  colorless  substances,  this  fact  may  not  be  appreci- 
ated ;  but  with  dyes,  whose  course  can  be  followed  with 
the  eye,  the  fallacy  of  applying  antiseptics  without 
preliminary  cleansing  becomes  at  once  apparent.  For 
treating  joints  an  apparatus  has  been  devised  which 
provides  a  method  of  satisfactory  preliminary 
cleansing.'' 

Moreover,  the  dyes  are  unstable.  Gentian  violet 
injected  into  the  blood  stream  disappears  within  two 
hours;  it  is  incorrect  to  assume  that  it  circulates  very 
long  as  such.  Perhaps  the  blood  stream  could  be  kept 
saturated,  by  repeated  injections,  with  a  bacteriostatic 
substance,  and  the  course  of  a  septicemia  thus  be 
checked ;  but  there  is  no  evidence  at  present  that  any- 
thing like  a  sfcriliscnis  magna  can  be  achieved  by  dyes. 

CONCLUSION 

The  investigation  of  the  problems  of  infection  by  a 
study  of  the  anilin  dyes  is  bound  to  lead  us  forward. 
What  we  are  after  is  not  only  the  establishment  of  the 
therapeutic  value  of  a  particular  substance  (if  the 
principle  of  selective  sterilization  becomes  established, 
more  than  one  substance  will  be  used  and  the  sub- 
stances used  may  not  be  dyes  at  all),  but  also  a  clearer 
understanding  of  the  whole  mechanism  of  selective 
chemotherapy.     And  this  goal  we  shall  certainly  reach, 

5.  Cluircliman,  J.  W. :  Sterilizatinn  of  Closed  Cavities  by  Lavage  and 
Staining   with   Gentian   Violet,   J.   A.   M.    A.   77:24    (July   2)    1921. 
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The  primary  purpose  of  this  investigation  has  been  to  determine 
whether  gonococci  may  be  distributed  among  a  number  of  fixed 
immunological  types  or  whether,  on  the  other  hand,  the  strains 
exhibiting  dissimilar  serological  characteristics  may  more  logi- 
cally be  considered  as  more  or  less  labile  variants  from  a  common 
basal  type. 

In  1907,  one  of  us  (1)  pubUshed  the  results  of  a  similar  study 
of  this  group  and  arrived  at  the  conclusion  that  based  on  agglu- 
tination and  agglutinin  absorption  tests,  the  gonococcus  group 
embraces  a  heterogeneous  collection  of  tj^pes.  Among  the  ten 
strains  studied,  three  types  were  recognized  to  which,  however, 
only  six  of  these  strains  could  be  referred.  It  was  realized  at 
the  time  that  the  serological  relationships  within  the  group  were 
complex  and  that  there  existed  ''all  manner  of  intermediate 
forms  and  variations."  About  this  time  it  was  shown  by  Teague 
and  Torrey  (2)  that  complement  fixation  tests  with  these  cultures 
added  confirmation  to  our  conclusions  in  regard  to  the  absence 
of  serological  uniformity  in  this  group  and  indicated  the  desir- 
abihty  of  using  several  different  gonococcus  strains  in  preparing 
antigens  for  use  in  clinical  diagnosis. 

In  view  of  these  findings  Dr.  H.  J.  Schwartz  and  Dr.  Archibald 
McNeil  in  connection  with  their  investigation  of  the  clinical 
appUcation  of  complement  fixation  tests  to  the  diagnosis  of  gono- 
coccus infections  (3)  utiUzed  such  of  our  strains  as  were  then 

1  This  investigation  was  made  possible  by  a  grant  from  the  U.  S.  Interdepart- 
mental Social  Hygiene  Board,  Washington,  D.  C. 
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available.  Of  the  twelve  strains  which  they  received  from  us, 
six  (A,  B,  C,  G,  H,  J)  had  been  subjected  to  serological  analysis 
and  six  had  been  subsequently  added  to  the  collection  without 
special  study.  Nine  of  these  strains  with  one  other,  S,  the  ori- 
gin of  which  is  not  known,  have  been  carried  in  various  labora- 
tories to  the  present  time  under  the  designation  of  "Torrey 
strains,"  and  have  been  used  quite  extensively  in  the  prepara- 
tion of  gonococcic  antigen  for  complement  fixation  work.  These 
details  are  published  here  because  of  the  rather  widespread  im- 
pression that  these  ten  strains  had  been  found  to  represent  ten 
different  gonococcus  types.  This,  however,  has  never  been 
claimed  to  be  the  case  as  reference  to  the  original  articles  will 
show. 

That  the  determination  of  the  serological  unity  or  diversity 
of  strains  embraced  within  a  bacterial  species  of  pathogenic 
propensities  is  of  more  than  academic  interest,  is  evidenced  by 
the  large  amount  of  labor  which  has  been  devoted  to  the  study 
of  ''types"  within  the  pneumococcus,  meningococcus,  typhoid, 
tetanus,  influenza  and  other  bacterial  groups.  The  results  of 
some  of  this  work  has  had  a  very  practical  bearing,  not  only  on 
specific  therapy,  but  also  on  the  epidemiological  aspects  of  these 
infectious  diseases.  Up  to  the  present  time  only  a  comparatively 
few  serological  studies  of  the  gonococcus  group  have  appeared 
in  the  Uterature  and  to  these  reference  will  be  made  later  on. 

As  regards  this  present  study  the  particular  objectives  held  in 
view  have  been  the  selection  of  strains  most  suitable  for  comple- 
ment fixation  antigens,  the  determination  of  the  most  representa- 
tive strains  and  those  with  marked  antibody  stimulating  pro- 
pensities for  use  in  stock  vaccines,  and  also  the  possible  appUca- 
tion  of  these  selected  strains  to  the  production  of  curative  sera. 
In  addition,  of  course,  our  attention  was  directed  to  certain 
epidemiological  considerations  such  as  the  relationship  of  strains 
causing  vulvovaginitis  in  children  to  those  giving  rise  to  gonorrhea 
in  adults. 
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METHODS 

Media.  A  description  will  be  given  in  this  article  only  of  the 
media  used  directly  in  connection  with  this  serological  study, 
while  the  cultural  procedures  found  especially  eflScacious  in 
the  isolation  of  the  gonococcus  and  in  the  maintenance  of  stock 
strains  will  be  dealt  with  in  another  communication. 

The  following  ascitic  agar  medium,  which  for  convenience  we 
have  designated  as  12  (a),  has  been  used  exclusively  in  obtain- 
ing growth  for  the  agglutination  experiments.  Uniformity  in 
constitution  and  reaction  has  been  maintained  as  far  as  possible. 
This  sohd  medium  yields  an  unusually  heavy  growth  for  gono- 
coccus and  generally  one  which  emulsifies  readily.  Large  slants 
in  tubes  1  by  8  inches  in  size  have  been  used. 

Fifteen  hundred  grams  of  fresh,  fat-free,  finely  chopped  veal 
are  mixed  with  2|  liters  of  distilled  water  and  placed  in  a  covered 
pot  over  a  low  flame.  The  temperature  is  gradually  raised  to  the 
boiUng  point  and  the  medium  allowed  to  simmer  for  twenty 
minutes,  with  occasional  stirring.  It  is  then  strained  (with 
pressure)  through  canton  flannel,  cooled  and  the  fat  removed. 
It  is  next  placed  in  a  double  boiler  over  a  saturated  brine  bath, 
the  temperature  raised  to  about  60°C.  and  1  per  cent  peptone 
(Difco),  2  per  cent  fresh  urine,  2  per  cent  glycerine,  0.5  per  cent 
NaCl  and  2  per  cent  flaked  agar  are  added.  This  mixture  is 
allowed  to  boil  for  forty-five  minutes.  The  reaction  is  then 
adjusted  to  pH  6.9  (using  a  10  per  cent  solution  of  sodium  car- 
bonate), and  the  boiUng  is  continued  for  thirty  minutes.  The 
loss  from  evaporation  up  to  2^  hters  is  replaced  with  distilled 
water.  It  is  next  filtered  through  canton  flannel  and  about  15  cc. 
are  placed  in  each  of  the  large  tubes  noted  above.  Sterilization 
is  effected  by  heating  in  the  autoclave  at  12  pounds  pressure  for 
10  minutes.  In  preparing  the  slants  ascitic  fluid,  free  from  bile, 
is  added  in  the  proportion  of  one  part  to  four  or  five  of  the  above 
medium.  The  final  reaction  is  generally  close  to  pH  7.2.  The 
slants  should  not  be  prepared  longer  than  the  day  before  they 
are  to  be  used. 

The  collection  of  gonococcus  strains  has  been  maintained  on  a 
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semi-solid  vitamine  medium  prepared,  with  a  slight  modifica- 
tion, according  to  the  formula  given  by  Huntoon  (4).  The 
marked  advantages  of  this  medium  in  carrying  a  large  series  of 
gonococcus  cultures  will  be  discussed  in  another  place. 

The  medium  used  in  connection  with  the  preparation  of  anti- 
gen for  the  complement  fixation  experiments  is  described  in  the 
section  dealing  with  that  work. 

Animal  immunizations.  One  of  the  first  questions  considered 
in  connection  with  this  study  was  the  type  of  gonococcus  antigen 
which  possessed  the  best  agglutinogenic  properties.  Compara- 
tive tests  were  first  made  with  living  and  (heat)  killed  gonococci. 
The  results  of  a  test  of  this  character  are  given  in  table  1.  The 
two  rabbits  received  exactly  the  same  dosage  of  antigen,  given 
at  the  same  time  intervals;  the  only  difference  lay  in  the  fact 
that  to  one  (222)  living  antigen  and  to  the  other  (223)  antigen 
heated  at  55°C.  for  fifteen  minutes  were  given. 

Perry  and  Kolmer  (5),  in  a  comparative  study  of  the  immun- 
izing properties  of  B.  typhosus  vaccine  treated  in  various  ways, 
reported  that,  as  far  as  their  agglutinogenic  potentiahties  were 
concerned,  they  might  be  ranked  in  the  following  order:  Uving 
and  autolyzed;  mercophen  and  tricresol  killed;  heat  killed;  and 
lastly,  alcohol  killed  sensitized  sediment.  We  have  conducted 
some  similar  experiments  using  gonococcus  strain  33  and  killing 
the  antigen  through  the  use  of  (a)  tricresol,  0.25  per  cent,  (6) 
acetone,  (c)  chloroform,  {d)  heated  at  55°C.,  and  (e)  at  65°C.  for 
fifteen  minutes.  Rabbits  were  immunized  with  equal  amounts  of 
each  of  these  variously  treated  antigens  and,  after  six  inoculations, 
agglutination  tests  were  carried  out  with  the  homologous  strain. 
Much  better  results  were  obtained  with  the  heat-killed  and  also 
with  the  chloroform  treated  antigens  than  w^ith  those  treated  in  the 
other  ways  specified.  It  was  decided,  then,  as  a  routine  procedure 
to  use  antigens  exposed  to  45°-50°C.  for  fifteen  minutes,  as 
this  degree  of  heat  was  found  sufficient  to  kill  the  gonococci  and 
would  be  likely  to  cause  no  change  in  its  antigenic  properties. 

Some  of  the  rabbits  used  in  the  production  of  the  immune  sera 
were  injected  at  weekly  intervals  and  others  were  given  more 
intensive  treatment  by  inoculations  on  three  consecutive  days  a 
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intervals  of  four  to  seven  days.  The  latter  procedure  jdelded 
much  the  better  results,  both  as  regards  the  titer  of  the  serum 
produced  and  the  time  consumed.  All  of  the  injections  were 
given  intravenousl3^     The  amount  of  the  dosage  of  standard 

TABLE  1 
Comparative  agglutination  test  with  serums  of  rabbits  immunized  with  living  and 
heat   (55°C.)   killed  gonococcus  antigen.     Rabbit  222  received  living  strain  41. 
Rabbit  223  received  killed  strain  41.     The  experiment  was  conducted  at  55°C. 
and  the  results  read  after  twenty-four  hours. 


STRAINS 

SERUM  NUMBERS 

NORMAL  SERUMS 

AFTER  3 
INOCULATIONS 

AFTER  9 
INOCULATIONS 

'           { 

222 

<25 

50 

100 

223 

<25 

100 

100 

-                      / 

222 

<25 

50 

250 

0 

223 

<25 

100 

250 

^  { 

222 

50 

1500 

3000 

223 

50 

1500 

3000 

18 

222 

<25 

100 

1500 

223 

<25 

250 

1000 

20            1 

222 

<25 

100 

2000 

223 

<25 

500 

1500 

ox 

222 

<25 

25 

100 

lo             " 

223 

<25 

25 

100 

41 

209 

<25 

250 

2000 

Homologous 

223 

<25 

750 

1500 

This  experiment  indicated  that  there  was  little  choice  between  living  and 
heat-killed  agglutinogen,  although  after  nine  inoculations  a  slightly  higher 
titer  serum  was  obtained  with  the  living  culture. 


suspensions  was  regulated  entirely  by  the  condition  of  the  animal. 
The  sera  were  preserved,  for  the  most  part,  with  0.1  per  cent 
phenol. 

Preparation  of  antigens  for  agglutinations.  In  preparing  the 
bacterial  suspensions  for  agglutination  experiments,  a  standard 
procedure  was  carefully  followed.  The  gonococcus  strains  were 
grown  on  the  ascitic  agar  (12a)  which  has  been  described.     It 
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was  found  advantageous  to  seed  these  slants  from  twenty-four 
hour  growths  on  the  same  medium.  They  were  incubated  at 
36°  to  37°C.  for  twenty-four  to  forty-eight  hours.  Before  emulsi- 
fying the  growth,  the  water  of  condensation  and  hysteresis  was 
removed  by  washing  out  with  normal  saline  solution.  This 
saUne  solution  was  prepared  with  chemically  pure  NaCl,  0.85 
per  cent  in  distilled  water.  In  some  of  the  experiments  0.5 
per  cent  formaUn  was  added  to  the  salt  solution,  both  because 
this  agent  preserved  the  gonococci  perfectly  for  an  indefinite 
period  and  also  in  that  it  tended  to  check  spontaneous  clumping. 
Although  Sands  (6)  found  in  connection  with  typhoid  agglutina- 
tion experiments  that  especially  satisfactory  results  were  ob- 
tained if  the  bacilli  were  emulsified  in  saline  containing  1  to  2 
per  cent  formaUn  and  Hooker  (7)  also  advocates  formalinized 
saUne  for  typhoid  agglutination,  it  has  been  our  experience  with 
the  gonococcus  that  even  0.5  per  cent  of  formahn  causes  a  con- 
siderable decrease  in  sensitiveness  to  the  action  of  agglutinin, 
which  is  much  more  marked  in  connection  with  some  strains 
than  in  that  of  others.  Such  being  the  case  formalinized  emul- 
sions were  discarded  for  freshly  prepared  Uving  suspensions. 
Gordon  (8)  and  a  number  of  other  investigators  of  serological 
relationships  within  the  meningococcus  group  have  used  emul- 
sions heated  at  65°C.  for  one-half  hour,  to  destroy  the  autolysin, 
with  0.5  per  cent  phenol  added  as  a  preservative.  It  has  been 
our  experience  that  this  degree  of  heat  is  insufficient  to  affect 
greatly  the  gonococcus  autolysin.  McClintock  and  Clark  (8) 
have  also  reported  that  temperatures  of  less  than  70°C.,  with  or 
without  the  addition  of  tricresol  up  to  0.4  per  cent,  do  not  prevent 
the  disintegration  of  suspensions  of  gonococci  in  salt  solution. 
With  certain  recently  isolated  strains  we  have  found  that  heating 
for  one-half  hour  at  65°C.  increases  markedly  the  \iscocity  of 
the  emulsion.  Sands  (6)  noted  that  heating  the  t3T3hoid  bacillus 
at  60°C.  generally  increased  their  susceptibifity  to  specific  agglu- 
tinins. We  have  not  noted,  however,  any  enhanced  sensitive- 
ness to  agglutinins  on  the  part  of  gonococci  after  treatment  with 
heat.  As  there  is  a  good  deal  of  risk  of  affecting  the  antigenic 
properties  by  heating  at  70°C.  or  higher,  and  other  methods  for 
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destroying  the  autolysin  seemed  still  more  objectionable,  we 
have  found  it  necessary  to  use  living  untreated  emulsions. 

Standardization  of  gonococcal  suspensions.  In  order  that 
agglutination  tests  within  bacterial  groups  may  have  definite 
comparative  value,  it  is  necessary  that  the  density  of  the  culture 
suspensions  be  carefully  standardized.  To  obtain  such  uni- 
formity in  the  dosage  of  antigen  we  adopted  the  following  pro- 
cedure :  After  washing  and  emulsifying  the  twenty-four  to  forty- 
eight-hour  growth  in  the  saline  solution,  as  described  in  the  pre- 
ceding section,  the  suspension  of  gonococci  was  filtered  through 
washed  absorbent  cotten  into  a  test  tube  18  mm.  in  diameter. 
Saline  was  then  added  until  the  density  of  suspension  was  such 
that  the  edge  of  a  wax  pencil  mark  on  the  back  of  the  tube  was 
just  definitely  discernible  by  the  observer  with  his  back  to  a  good 
hght.  This  suspension  gave  a  count  of  approximately  three 
bilhon  organisms  per  cubic  centimeter,  which,  when  mixed  with 
equal  parts  of  the  serum  dilution,  was  reduced  to  about  1^  bil- 
lions. In  setting  up  the  agglutination  tests  a  rather  narrow 
(8  mm.  inside  diameter)  serological  tube  was  used,  and  to  0.5 
cc.  of  the  serum  dilution,  0.5  cc.  of  the  bacterial  suspension  was 
added. 

Incubation  and  reading  of  the  tests. — Incubation  of  the  tests 
was  conducted  at  50°  to  55°C.  through  the  use  of  a  water  bath. 
This  temperature  is  preferable  to  37°C.  in  that  it  accelerates  the 
reaction  and  also,  in  some  degree,  tends  to  inhibit  spontaneous 
clumping.  During  the  early  part  of  the  experimental  work  the 
tubes  were  kept  at  this  temperature  for  eighteen  to  twenty-four 
hours  and  then  read,  but  later,  after  an  incubation  of  two  hours, 
the  tubes  were  placed  over  night  in  the  ice-chest;  there  was  no 
appreciable  difference  in  the  results.  Readings  were  made  at 
the  one-,  two-  and  eighteen-  to  twenty-four-hour  periods.  The 
last  period  reading  was  adopted  as  the  final  result  but  the  earlier 
observations  often  jdelded  important  information,  especially 
when  spontaneous  precipitation  was  a  confusing  factor. 

This  tendency  to  spontaneous  clumping  on  the  part  of  certain 
strains  of  gonococci  was  a  troublesome  feature  in  the  agglutina- 
tion work  and  no  way  was  found  to  eUminate  it  entirely  with 
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certain  strains.  This  tendency  was  not  confined  to  certain  old 
stock  strains  but  was  noted,  in  a  few  instances,  as  a  characteristic 
of  recently  isolated  ones.  The  saline  control  tube  gave,  of  course, 
a  clue  to  the  amount  of  non-specific  clumping  and  precipitation, 
but  the  best  method  for  discounting  this  factor  lay  in  a  careful 
inspection  of  the  character  of  the  sediment  in  tubes  showing 
apparent  agglutination.  If  the  sedimentation  was  non-specific, 
a  gentle  shaking  of  the  tube  broke  up  the  clumps  and  brought 
about  an  even  suspension  of  the  cocci.  With  true  agglutination, 
on  the  other  hand,  the  clumps  are  generally  large,  firm  and  com- 
pact, and  are  not  disintegrated  by  a  fairly  sharp  shake  of  the 
tube;  as  a  rule,  the  more  complete  the  agglutination,  the  larger 
and  more  firmly  united  are  the  clumps.  It  should  be  added  that 
spontaneous  agglutination  was  an  annoying  factor  in  connection 
with  only  a  small  minority  of  the  strains.  At  times  it  was  found 
advantageous,  after  making  a  reading  at  the  twenty-four  hour 
period,  to  shake  up  the  tubes  and  reincubate  them  for  a  few  hours. 
Following  this  procedure  the  end  point  was  sometimes  more 
sharply  indicated. 

The  end  point  selected,  as  marking  the  agglutination  titer, 
was  the  last  dilution  tube  showing  complete  or  almost  complete 
clumping  and  sedimentation  of  the  organisms;  a  tube  given  this 
reading  showed  either  a  clear  condition  or  no  more  than  a  very 
faint  clouding  of  the  supernatant  fluid  (the  latter  reaction  was 
read  as  +  +  +)•  Reactions  of  less  degree  than  this  are  deceptive 
in  character  and  do  not  serve  as  a  trustworthy  guide  to  the  true 
titer  of  a  serum. 

SOURCE  OF  THE  GONOCOCCUS  STRAINS 

This  collection  of  gonococcus  strains  is  quite  unique  in  that 
the  infection  of  a  considerable  number  of  cases,  from  which 
successful  isolations  were  made,  was  known  to  have  occurred  in 
widely  separated  foreign  countries  and  also  in  different  parts  of 
this  country.  Our  strains,  perhaps,  are  thus  more  nearly  repre- 
sentative of  the  gonococcus  group  than  any  collection  which  has 
been  studied  serologically  heretofore.  The  origin  of  these  cul- 
tures, where  it  is  of  interest,  will  be  noted  in  subsequent  sections. 


A   SEROLOGICAL   STUDY    OF   THE    GONOCOCCUS   GROUP       313 

The  ten  so-called  "Torrey  strains"  are  designated  by  the 
numbers  24,  29,  30  to  37.  These  strains  have  been  under  cultiva- 
tion for  about  fourteen  years;  other  strains  of  about  the  same 
age  are  numbers  21  and  23. 

As  regards  the  type  of  infection  from  which  these  strains  were 
isolated,  forty-seven  were  from  cases  of  acute  and  chronic  ure- 
thritis of  males,  four  from  genito-urinary  infections  of  females, 
four  from  joint  cases,  two  from  septicaemias,  one  from  an  eye 
infection  and  thirteen  from  vulvovaginitis  infections  of  children.^ 

AGGLUTINATION 

With  a  number  of  bacterial  species  agglutination  tests  alone, 
without  absorptions,  have  been  found  to  serve  as  a  quite  trust- 
worthy guide  to  their  distribution  among  serologically  distinct 
types.  Such  tests,  for  instance,  are  generally  sufficient  for  the 
typing  of  pneumococci  and  also,  according  to  some  investigators^ 
even  the  meningococci.  In  reference  to  the  latter,  Butterfield 
and  Neill  (9)  have  reported  that  90  per  cent  of  their  meningo- 
cocci strains  could  be  typed  by  straight  agglutinations  alone, 
using  Gordon's  type  serums  prepared  with  Gordon's  four  type 
cultures.  With  the  gonococcus  group,  however,  straight  agglu- 
tination tests  have  yielded  almost  no  clue  to  specific  serological 
relationships. 

In  table  2  are  reported  some  agglutination  results  with  our 
first  forty-seven  strains.  The  figures  in  the  first  five  columns 
are  particularly  comparable  in  that  the  rabbits  immunized 
respectively  against  strains  33,  1,  5,  8  and  13  had  received  ex- 

^  For  the  opportunity  and  for  assistance  in  culturing  these  infections  in 
children  we  are  greatly  indebted  to  Dr.  B.  Wallace  Hamilton  who  extended  to 
us  the  facilities  of  his  service  in  the  Vanderbilt  Clinic.  For  the  cultures  from 
women,  the  "Torrey  strains"  and  several  others,  our  thanks  are  due  to  Miss 
M.  A.  Wilson,  Bureau  of  Laboratories,  New  York  City  Health  Department. 
We  also  gratefully  acknowledge  the  kindness  of  Parke,  Davis  and  Company  in 
supplying  us  with  some  of  the  "Torrey  strains"  and  also  several  other  cultures; 
and  of  H.  K.  Mulford  Company  for  a  duplicate  set  of  some  of  these  strains.  All 
of  the  foreign  strains  were  isolated  from  cases  at  the  U.  S.  Public  Health  Service 
Clinic  in  this  city  and  for  this  opportunity  we  are  indebted  to  the  director,  Dr. 
Clifton,  and  to  Dr.  Delzell  for  much  helpful  assistance.  Some  other  strains, 
isolated  at  this  clinic,  were  kindly  given  to  us  by  the  late  Dr.  E,  Finch. 
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Agglutination  reactions  of  gonococcus  cultures  with  gonococcus  sera.  Rabbits  218, 
219,  220,  221  and  861  had  received  identical  treatment  as  regards  the  number  (12) 
and  dates  of  inoculations  and  the  dosage.*  The  homologous  titers  are  in  heavier 
type 


BABBIT  SEBA  IMMDNE  TO  GONOCOCCUS  8TEAIN8 

STBAINS 

33 

(rabbit 
218) 

1 

(rabbit 

219) 

5 

(rabbit 

220) 

8 

(rabbit 

221) 

13 

(rabbit 

861) 

29 

(rabbit 

217) 

41 

(rabbit 

223) 

7 

(rabbit 

230) 

1 

<25 

100 

50 

0 

0 

100 

<50 

<100 

2 

0 

100 

<25 

0 

0 

0 

<50 

<100 

3 

0 

2000 

50 

100 

250 

250 

250 

4000 

4 

50 

<25 

<25 

25 

250 

0 

0 

1000 

5 

50 

100 

250 

25 

50 

<50 

100 

100 

6 

<25 

1000 

50 

100 

750 

250 

500 

1000 

7 

50 

250 

100 

0 

25 

500 

250 

3000 

8 

25 

250 

250 

250 

250 

<25 

250 

1000 

9 

3000 

3000 

250 

1000 

1000 

1500 

2000 

10 

1000 

250 

100 

250 

50 

500 

500 

2000 

11 

2000 

700 

750 

750 

2000 

250 

1500 

1000 

12 

100 

50 

50 

25 

250 

<50 

50 

100 

13 

<25 

50 

25 

0 

25 

<50 

<50 

<100 

14 

750 

100 

25 

100 

100 

25 

1000 

100 

15 

1000 

1000 

<25 

750 

250 

500 

500 

2000 

16 

100 

250 

25 

<25 

100 

0 

100 

<100 

17 

250 

100 

250 

25 

100 

25 

100 

<100 

18 

100 

100 

500 

750 

100 

25 

50 

100 

19 

2000 

700 

100 

250 

2000 

1500 

1500 

<100 

20 

750 

50 

<25 

50 

100 

100 

100 

4000 

21 

250 

<25 

750 

50 

100 

500 

100 

<100 

22 

0 

50 

25 

0 

50 

<25 

<50 

<100 

23 

1000 

250 

750 

750 

5000 

1500 

1500 

4000 

24 

0 

50 

25 

250 

0 

1500 

250 

2000 

25 

100 

250 

250 

500 

100 

0 

<50 

<100 

26 

25 

1000 

25 

25 

0 

50 

<50 

100 

27 

<25 

50 

50 

250 

25 

0 

50 

<100 

28 

0 

0 

<25 

<25 

0 

0 

<50 

<100 

29 

750 

250 

25 

<25 

1000 

500 

1500 

3000 

30 

750 

1000 

1000 

250 

750 

500 

2000 

4000 

31 

750 

25 

250 

<25 

250 

1000 

1500 

4000 

32 

2000 

3000 

1000 

500 

750 

3000 

2000 

4000 

33 

1000 

1000 

750 

250 

750 

1500 

1000 

4000 

34 

1000 

700 

1000 

250 

250 

1000 

3000 

4000 

35 

250 

700 

2500 

250 

100 

1500 

1000 

4000 

A  small  dosage  was  used  in  the  immunization  of  all  these  five  rabbits. 
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TABLE  2~Continued 


RABBIT  SERA  IMMUNE  TO  GONOCOCCUS  STRAINS 

STRAINS 

33 

(rabbit 
218) 

1 

(rabbit 
219) 

5 
(rabbit 
220) 

8 
(rabbit 
221) 

13 

(rabbit 
861) 

29 

(rabbit 

217) 

41 

(rabbit 

223) 

7 

(rabbit 

230) 

36 

<25 

1000 

250 

250 

750 

1000 

2000 

3000 

37 

1000 

1000 

1000 

1000 

2000 

<50 

500 

2000 

38 

500 

250 

100 

500 

750 

50 

250 

1500 

39 

50 

<25 

250 

50 

25 

<50 

250 

<100 

40 

250 

700 

100 

100 

750 

0 

50 

1500 

41 

25 

500 

50 

100 

0 

<50 

250 

500 

42 

750 

500 

750 

750 

750 

<50 

1500 

4000 

43 

50 

100 

<25 

100 

<25 

0 

50 

<100 

44 

<25 

100 

250 

50 

0 

100 

50 

1000 

45 

0 

250 

25 

500 

500 

<50 

100 

1500 

46 

<25 

100 

25 

100 

<25 

0 

50 

<100 

47 

1000 

250 

50 

100 

250 

<50 

500 

3000 

actly  similar  treatment  as  regards  dosage,  inoculation  intervals 
and  time  of  bleeding. 

The  inconsistencies,  as  far  as  possible  typing  is  concerned, 
revealed  by  straight  agglutination  tests,  may  be  illustrated  by 
the  reactions  of  strain  33  and  its  serum  (218).  This  serum  agglu- 
tinated strains  1,  5,  8  and  13  only  at  a  dilution  of  1 :  25  or  less  and 
yet  a  serum  produced  to  each  one  of  these  strains  agglutinated 
strain  33  in  dilutions  as  high  or  much  higher  than  their  respec- 
tive homologous  titers  (table  2).  An  inspection  of  this  table 
also  shows  that,  with  the  exception  of  strain  8  with  strain  7  serum^ 
these  strains  agglutinated  poorly  with  all  of  the  eight  sera  and 
their  failure  to  react  with  strain  33  serum  may  be  as  reasonably 
ascribed  to  their  poor  agglutinating  qualities  as  to  the  absence  of 
specific  or  group  agglutinins  to  which  they  are  sensitive.  Straight 
agglutination  tests,  then,  are  not  of  any  definite  value  in  indicat- 
ing possible  type  relationships  between  gonococcus  strains. 
Warren  (11)  in  a  recent  study  of  the  agglutination  reactions  of 
twenty-three  gonococcus  strains  came  to  a  similar  conclusion, 
but  for  the  reason  that  all  the  strains  agglutinated  about  equally 
well  with  the  three  or  four  sera  tested. 

Gonococci  are  reputed,  as  a  class,  to  be  more  sensitive  to  the 
action  of  agglutinins  than  are  the  meningococci.     Although  this 
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may  be  in  a  measure  true  in  that  a  much  higher  titer  may  be 
obtained  through  inoculations  with  certain  gonococcus  strains, 
especially  those  cultivated  for  some  time,  than  is  possible  with 
meningococci  and  their  respective  anti-sera,  yet  poorly  agglutin- 
ating gonococcus  strains  have  been  quite  frequently  encountered, 
especially  when  tested  soon  after  isolation.  Among  sixty-three 
recently  isolated  strains,  twenty-six  were  found  to  be  relatively 
inagglutinable  with  the  test  sera.  Of  course  failure  to  react 
may  have  been  due  in  some  instances  to  absence  of  group  agglu- 
tinins to  which  the  strains  were  sensitive,  but  with  this  reserva- 
tion the  fact  that  42  per  cent  of  these  gonococcus  strains  were 
apparently  relatively  inagglutinable  corresponds  closely  with 
the  40  per  cent  of  similarly  inagglutinable  meningococcic  strains 
reported  by  Elser  and  Huntoon  (10)  as  occurring  in  their  series 
of  cultures.  Some  gonococcus  strains,  relatively  inagglutinable 
soon  after  isolation  with  the  sera  employed,  became  later  much 
more  sensitive  to  the  action  of  agglutinins,  whereas  other  strains, 
such  for  example  as  2,  5,  13,  16,  22,  28  and  46,  did  not  acquire 
under  cultivation  any  increased  susceptibility  to  the  action  of 
agglutinins.  We  have,  however,  encountered  no  instance  of  a 
strain  becoming  inagglutinable  under  cultivation  as  was  reported 
by  Elser  and  Huntoon  to  have  occurred  in  reference  to  certain 
of  their  meningococcic  strains.  Attempts  were  made  to  increase 
the  sensitivity  of  some  of  our  inagglutinable  strains,  but  neither 
growing  them  in  glucose  broth  for  several  generations — a  method 
applied  successfuly  with  meningococci  by  Elser  and  Huntoon — 
nor  by  a  period  of  daily  transplants,  was  their  agglutinabihty 
enhanced. 

Elser  and  Huntoon  (10)  observed  that,  although  the  most 
agglutinable  of  their  strains  of  meningococci  were  likely  to  pro- 
duce the  more  potent  agglutinating  sera,  there  was  no  definite 
relationship  between  agglutinabihty  and  agglutinogenic  proper- 
ties. We  have  found  this  to  be  true  also  for  gonococci  and,  as 
is  shown  in  table  2,  sera  produced  with  certain  relatively  inagglu- 
tinable strains  (1,  5,  and  13),  although  giving  a  low  titer  for  them- 
selves, may  agglutinate  other  strains  in  high  dilutions.  These 
strains  may  also  be  capable  of  absorbing  well. 
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It  has  been  the  common  experience  of  those  who  have  studied 
extensively  the  agglutination  of  the  meningococcus  and  also 
of  the  gonococcus  that  the  agglutinability  of  a  given  strain  may 
exhibit  a  considerable  degree  of  variation  when  tested  from  time 
to  time  with  the  same  serum.     These  variations  are  prol^ably 

TABLE  3 

Agglutination  of  recently  isolated  gonococcus  strains  and  relatively  inagglulinable 
stock  strains  with  a  serum  immune  to  strains  15  and  41.  Titer  for  hoynologous 
strain  15  =  S0,000.     Titer  for  homologous  strain  41  =  WOO. 


RECENTLY  ISOLATED  STRAINS 

RELATIVELY  INAGGLUTINABLE 
STOCK  STRAINS 

Strains 

Generation 
number 

Serum  dilutions 

Strains 

Serum  dilutions 

100 

200 

500 

1000 

2000 

100 

200 

4 

500 
2 

1000 

2000 

J 

3 

4 

4* 

3 

T 

1 

4 

_ 

01 

4 

4 

4 

4 

2 

- 

2 

4 

4 

3 

- 

- 

02 

4 

4 

3 

2 

- 

~ 

5 

4 

3 

- 

- 

- 

03 

4 

4 

2 

1 

- 

12 

2 

2 

- 

_ 

- 

04 

3 

4 

4 

4 

1 

16 

4 

4 

— 

— 

— 

05 

3 

4 

4 

4 

4 

20 

4 

4 

4 

4 

3 

06 

4 

4 

4 

3 

2 

- 

21 

4 

4 

4 

3 

2 

07 

4 

4 

4 

4 

4 

9 

22 

4 

2 

- 

- 

- 

91334 

4 

4 

4 

- 

- 

_ 

25 

4 

2 

- 

- 

- 

08 

4 

4 

3 

_ 

_ 

_ 

39 

4 

4 

4 

3 

2 

09 

4 

4 

4 

3 

2 

- 

45 

4 

4 

3 

3 

— 

010 

5 

4 

2 

- 

_ 

- 

53 

4 

3 

- 

- 

- 

Oil 

5 

4 

4 

4 

4 

2 

55 

4 

r> 

- 

- 

— 

012 

4 

4 

4 

4 

4 

4 

56 

4 

- 

- 

- 

- 

013 

3 

4 

2 

- 

- 

— 

57 

3 

- 

- 

- 

- 

014 

3 

3 

1 

— 

— 

_ 

59 

4 

3 

— 

_ 

_ 

015 

3 

4 

3 

1 

- 

62 

4 

3 

- 

- 

- 

016 

3 

4 

4 

4 

4 

3 

77 

4 

4 

- 

— 

4  indicates  complete  agglutination;  3,  nearly  complete  agglutination. 


referable  to  sHght  differences  in  the  physical  characteristics  of 
the  growth  due  to  sUght  changes  in  the  condition  of  the  medium 
or  the  environment,  especially  as  regards  moisture.  In  experi- 
ments of  a  comparative  nature  this  tendency  of  the  gonococcus 
to  vary  in  agglutinability  must  be  constantly  borne  in  mind  and 
controlled  -vdth  great  care. 
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With  a  single  exception  none  of  the  monovalent  agglutinat- 
ing sera  gave  promise  of  being  of  much  value  for  the  identifica- 
tion of  the  gonococcus.  The  serum  giving  the  best  results  was 
one  of  a  high  titer  immune  to  strain  15  (table  5)  which  agglu- 
tinated sixty-seven  of  the  seventy-four  strains  (or  about  90  per 
cent)  in  a  dilution  of  1 :  250  or  higher.  Several  polyvalent  sera 
prepared  through  immunization  with  two  or  more  selected  strains 
have  been  fairly  effective,  but  none  covered  our  entire  collection 
of  strains.  Perhaps  the  best  combination  of  any  two  of  our 
strains  is  that  of  15  and  41.  The  results  with  a  high  titer  serum 
produced  with  this  combination  is  shown  in  table  3.  In  this 
table  are  given  the  titers  obtained  with  a  series  of  very  recently 
isolated  strains  and  also  that  of  some  of  the  relatively  inagglu- 
tinable  strains  which  had  been  under  cultivation  for  many  months. 
It  may  be  said  in  general  that  a  positive  agglutination  with  a 
gonococcic  serum  at  a  dilution  of  at  least  1 :  250  definitely  identi- 
fies the  culture  under  consideration  as  gonococcus  but  that  a 
negative  result  has  no  certain  significance  as  some  undoubted 
strains  of  gonococci  are  practically  inagglutinable. 

ABSORPTIONS 

The  greater  part  of  the  time  occupied  by  this  study  has  been 
devoted  to  agglutinin  absorption  tests  to  determine  whether  our 
series  of  gonococcus  strains  may  be  distributed  through  this 
method  of  classification  among  a  number  of  clear-cut,  immunologi- 
cal types  or,  if  not,  in  what  way  the  various  strains  are  related. 
In  conducting  these  tests  our  effort  has  been  to  maintain  the 
conditions  as  nearly  uniform  as  possible.^ 

Methods 

In  order  to  obtain  sufficient  growth  for  these  absorptions,  the 
strains  were  seeded  on  large  potato  tube  slants  of  ascitic  agar, 
prepared  as  heretofore  described  and  with  a  reaction  close  to 
pH  7.2.     Plates  were  used  at  first  but  proved  inferior  to  the 

2  In  much  of  this  absorption  work  and  also  in  the  complement  fixation  tests 
we  have  received  valuable  assistance  from  Luther  B.  Conklin. 
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slants.  These  slants  had  each  a  surface  area  of  approximately 
2500  sq.  nun.  It  was  found  advantageous  to  make  plantings 
from  twenty-four-hour  growths  on  the  same  medium.  Generally 
three  tubes  were  seeded  with  a  single  strain  for  an  absorption. 
After  twenty-four  to  forty-eight  hours  incubation  the  growths 
were  washed  with  the  sahne  solution  and  then  suspended  in  a 
small  amount  of  the  same.  The  suspension  of  gonococci  was 
then  placed  in  a  graduated  centrifuge  tube  and  whirled  until 
0.2  cc.  of  rather  loosely  packed  organisms  had  been  deposited 
in  the  tip  of  the  tube.  In  thus  measuring  the  absorbing  dose  of 
culture  we  are  following  the  method  used  by  Valentine  and  Cooper 
(12)  in  their  serological  study  of  the  B.  influenzae.  This  method, 
as  applied  to  gonococci,  is  not  strictly  accurate  for  comparative 
experiments  owing  to  a  number  of  uncontrollable  factors,  such  as 
the  amount  of  autolysis,  but  is  perhaps  as  satisfactory  as  any 
which  may  be  utilized.  Generally  not  all  of  the  growth  from  the 
three  slants  was  required  for  the  absorbing  dose  and  the  excess 
was  used  in  determining  the  agglutination  titer  of  the  unabsorbed 
serum  for  the  particular  strain.  With  every  serum  an  absorp- 
tion was  carried  out  with  this  dosage  of  a  meningococcus  strain 
in  order  to  control  the  factor  of  non-specific  absorption.  This 
test  of  specificity  was  of  much  value  as  evidence  of  non-specific 
absorption  occasionally  appeared  in  connection  with  low-titer 
sera.  The  serum  to  be  absorbed  was  diluted  to  the  proper  degree 
(this  should  be  approximately  the  lowest  dilution  at  which  the 
homologous  strain  in  the  dosage  used  will  completely  absorb 
its  agglutinins)  and  the  centrifuge  tube  containing  the  sedimented 
bacteria  was  filled  to  the  5-cc.  mark  with  it.  An  even  suspen- 
sion was  then  made  of  the  growth  in  the  diluted  serum,  and  the 
tube  placed  in  the  water  bath  at  45°  to  50°C.  for  two  hours,  it 
being  shaken  at  intervals  of  about  fifteen  minutes.  Unabsorbed 
serum,  diluted  to  the  absorption  titer,  was  exposed  to  this  tem- 
perature for  the  same  time  period.  Both  the  absorbed  and  the 
unabsorbed  serum  lots  were  then  centrifuged  until  the  former 
tubes  were  clarified  fully  or  to  a  sufficient  degree  for  the  purposes 
of  the  test.  Centrifugation  of  the  unabsorbed  serum  was  con- 
sidered advisable  in  view  of  the  finding  of  Elser  and  Huntoon 
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that  the  vibration  of  the  machine  might  cause  a  lowering  of  its 
titer.  Suitable  graded  dilutions  of  the  unabsorbed  and  absorbed 
lots  of  the  serum  were  then  prepared  and  agglutination  tests 
set  up  by  which  the  following  titers  were  determined:  that 
of  the  absorbing  strains  with  the  unabsorbed  serum ;  the  absorb- 
ing strains  with  their  respective  lots  of  absorbed  serum;  the 
homologous  strain  with  each  lot  of  absorbed  serum  and  also  with 
the  unabsorbed  serum.  The  last  two  determinations  with  the 
homologous  strain  are,  of  course,  the  all  important  ones  in  trac- 
ing specific  relationships,  but  the  others  give  much  additional 
information  or  serve  as  important  controls.  The  absorption 
tests  were  incubated  and  readings  made  as  described  for  the 
straight  agglutination  experiments. 

In  a  number  of  recent  studies  of  type  determinations  among 
bacterial  groups  through  absorption  methods,  an  absorbing 
period  of  three  to  six  hours  at  50°  to  55°C.  has  been  employed. 
Hermanies  (13),  in  a  study  of  this  character  of  the  gonococcus, 
incubated  his  absorptions  at  55°C.  for  four  to  six  hours,  left  the 
tubes  overnight  in  the  ice-chest,  and  carried  out  the  tests  the 
next  day.  As  our  absorptions  and  tests  were  always  carried 
through  on  the  same  day,  we  have  employed  a  two  hour  absorp- 
tion period,  and  believe  that  the  agglutinin  is  fully  bound  within 
that  period.  This  opinion  seems  substantiated  by  the  compara- 
tive test  reported  in  table  4.  Some  differences  in  the  degree  of 
absorption  may  be  noted,  especially  marked  as  regards  strain 
25,  but  these  discrepancies  should  probably  be  referred  to  the 
apparently  inevitable  variations  associated  with  agglutination  of 
gonococci  rather  than  specifically  to  the  absorption  time  factor. 
It  should  be  noted  that  these  two  tests  were  not  carried  out  on 
the  same  day,  but  this  rather  adds  to  than  detracts  from  their 
comparative  interest. 

In  the  attempts  to  distribute  our  gonococcus  cultures  among 
distinct  serological  types,  the  first  fifty  strains  were  used  for  the 
most  part,  although  with  three  sera  the  tests  were  extended  to 
include  all  but  a  few  of  the  total  seventy-seven  strains.  In  all 
these  experiments  the  absorption  of  specific  or  homologous  agglu- 
tinins was  alone  determined  and  the  question  of  relationships 
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through  so-called  minor  or  group  agglutinins  was  not  approached. 
By  way  of  illustration  a  complete  report  is  made  in  table  5  of  the 
results  with  one  of  the  test  sera  on  all  the  strains  then  available. 
It  should  be  noted  that  the  percentages  of  homologous  agglutinin 
absorptions  are  stated  in  several  instances  in  approximate  rather 

TABLE  4 

Table  to  show  the  comparative  effect  of  absorptions  at  the  following  time  periods: 
A.  Absorbed  at  55°C.  for  two  hours.  B.  Absorbed  at  55°C.  for  six  hours  and  left 
in  ice  box  over-night.  Serum  104-,  immune  to  culture  15.*  Absorbed  at  dilution 
of  1:250 
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<500 
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<500 
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4000 

50.0 

50.0 

11 

16000 
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<500 

<500 

87.5 

100.0 

15  Homologous 

8000 

<500 

500 

<500 

<500 

100.0 
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18 

4000 

<500 
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<500 

2000 

75.0 
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19 

8000 

<500 
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<500 

500 

93.8 
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25 
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4000 

93.8 
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30 

8000 

<500 

500 

<500 

1000 

100.0 

87.5 

34 

8000 

<500 

2000 

<500 

2000 

75.0 

75.0 

41 

500 

<500 

8000 

<500 

8000 

0.0 

0.0 

49 

2000 

<500 

8000 

<500 

8000 

0.0 

0.0 

Meningococcus 

<250 

<500 

8000 

<500 

8000 

0.0 

0.0 

Titer  homologous  strain  15  with  serum  104  =  8000. 


than  exact  figures;  repeated  tests  would  show  too  many  varia- 
tions to  justify  the  presentation  of  very  exact  figures  in  reference 
to  a  single  experiment.  These  percentages,  however,  give  a 
sufficiently  accurate  idea  of  the  serological  relationships  of  the 
several  strains  to  the  homologous  culture. 

As  has  already  been  stated  this  serum  104  immune  to  strain 
15  gave  positive  agglutinations  with  a  greater  number  of  our 
strains  than  any  other  tested  as  extensively.     An  examination  of 
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TABLE  5 

Slrain  15  serum  (104)  absorbed  with  each  of  gonococcus  strains  1  to  77  and  with 

meningococcus,  and  tested  as  shown  below.     Serum  absorbed  at  1:250  dilution 
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1000 

87 

2 
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8000 
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75 
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33 

22 

<250 

<500 
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29 
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<500 
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33 
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84 
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<500 

8000 

500 

100 
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84 

37 
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84 
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4000 
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8000 

4000 

50 

39 
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Homologous. 
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TABLE  5— Continued 


TITER 

TITER 
ABSORBING 

TITER 
HOMOLOGOUS 

TITER 
HOMOLOGOUS 

PERCENTAGE 

STRAIN 

UNABSORBED 

STRAIN  WITH 

STRAIN  WITH 

STRAIN  WITH 

ABSORPTION  OF 
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ABSORBED 

SERUM 

UNABSORBED 
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ABSORBED 
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40 
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<500 

6000 

2000 

66 

41 

500 

<500 

8000 

8000 

0 

42 
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<500 

6000 

500 

92 

43 

<250 

<500 
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<500 

100 

44 

2000 

<500 
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500 

92 

45 
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<500 
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66 

46 
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<500 
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66 

47 
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<500 
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33 

49 
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<500 
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0 

50 
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<500 
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84 

51 
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<500 
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92 

52 
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53 
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<500 
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84 

54 
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<500 
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66 

55 
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<500 
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33 

56 
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<500 
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33 

57 
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<500 
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66 

58 
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0 

59 
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<500 
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2000 

66 

60 
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84 

61 
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500 

92 

62 
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<500 
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33 

63 
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92 

64 
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<500 

8000 
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75 

65 
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<500 
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50 

66 
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<500 
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87 

67 
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<500 
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8000 

0 

69 
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<500 
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75 

70 
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<500 
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500 

92 

71 

8000 

<500 

8000 

500 

93 

72 

<250 

<500 

6000 

6000 

0 

73 

2000 

<500 

8000 

500 

93 

74 
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<500 

8000 
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25 

75 
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<500 

8000 

8000 

0 

76 
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<500 

8000 

8000 

0 

77 

250 

<500 
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0 
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<250 

<o00 
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8000 

0 

table  5,  however,  shows  that  a  high  agglutinating  titer  with  the 
serum  does  not  necessarily  mean  a  specific  relationship  to  the 
serum  strain;  for  example  strains  43,  52  and  53  gave  a  titer  of 
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only  1:250  or  less  and  yet  these  cultures  were  able  to  absorb 
the  homologous  agglutinins  strongly,  on  the  other  hand  strains 
74  and  75  agglutinated  to  the  full  titer  of  the  serum  and  yet 
absorbed  little  or  none  of  the  homologous  agglutinins.  Many 
other  examples  of  a  similar  discrepancy  between  agglutinating 
and  absorbing  capacities  may  be  found  in  this  table  and,  in 
fact,  were  encountered  frequently  in  the  course  of  this  investiga- 
tion. These  facts  indicate  that  straight  agglutination  tests  with 
gonococci  are  not  as  trustworthy  a  guide  to  specific  relationship  as 
they  appear  to  be  for  the  meningococcus  and  certain  other 
bacterial  groups. 

Absorption  tests  of  the  same  type  as  that  illustrated  by  table 
5  were  carried  out  with  nine  other  sera.  The  serum  strains  used 
were  fairly  representative  of  our  whole  collection  and  were 
derived  from  widely  separated  geographical  localities.  It  is 
neither  feasible  nor  desirable  to  present  here  a  complete  tabula- 
tion such  as  has  been  given  for  strain  15  serum  (table  5).  It 
may  be  stated,  however,  that  absorptions  with  each  of  these  sera 
were  conducted  and  controlled  in  the  same  way  as  for  strain 
15  serum.  It  would  seem  sufficient  for  the  purpose  of  tracing 
specific  inter-relationships  to  give  only  the  approximate  homolo- 
gous agglutinin  absorption  percentages  of  each  of  the  fifty  strains 
for  each  of  the  sera.  These  results  are  presented  in  such  a  way 
in  table  6  that  the  specific  affinities  of  the  strains  may  be  readily 
evaluated.  It  may  be  stated  again  that  our  definite  end  point,  as 
described  on  page  312,  served  as  the  agglutination  titer  indicator, 
that  the  homologous  titer  of  the  serum  strain  was  always  deter- 
mined in  connection  with  each  absorption,  and  that  a  control 
absorption  with  meningococcus  was  also  run  with  each  serum. 

In  an  analysis  of  table  6  let  us  first  compare  the  results  with  the 
sera  104, 217  and  218,  immune  respectively  to  strains  15, 29  and  33. 
These  strains  were  considered  very  closely  related  as  the  homolo- 
gous agglutinins  produced  by  each  were  absorbed  by  each.  The 
table  shows  that  the  specific  or  homologous  agglutinins  of  these 
three  sera  are  absorbed  in  a  percentage  amounting  to  75  or  over 
by  twenty-two  of  the  fifty  strains.  These  twenty-two  strains 
(3,  4,  6,  8,  9,  10,  11,  15,  19,  23,  29,  30,  31,  32,  33,  34,  35,  36,  37, 
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42,  43,  50)  may  be  placed  together  in  one  group  as  far  as  the  re- 
sults with  these  sera  are  concerned.  The  agglutinin  content  of 
these  three  sera  is  also  similar  in  that  five  strains  (2,  16,  27,  41 
and  49)  are  incapable  of  absorbing  any  of  their  respective  specific 
agglutinins  and  closely  associated  with  these  are  five  other  strains 
(5,  25,  28,  39  and  46)  which  show  a  specific  relationship,  and  that 
only  partially,  to  only  one  of  these  sera,  namely,  strain  15  serum. 
It  should  be  mentioned  that  the  gonococcus  strains  had  been 
under  cultivation  for  a  much  longer  period  at  the  time  of  strain 
15  serum  absorptions  than  when  the  tests  with  the  other  two  sera 
were  made.  This,  as  will  be  explained  later,  is  an  important 
consideration  due  to  the  labile  nature  of  the  antigenic  constituents 
of  some  strains.  We  have  also  a  residuum  of  eighteen  strains 
(1,  7,  12,  13,  14,  17,  18,  20,  21,  22,  24,  26,  38,  40,  47,  48)  which 
show  partial  relationships  to  the  above  three  serum  strains  in 
that  they  absorbed  the  specific  agglutinins  completely  or  incom- 
pletely from  one  or  more  of  these  sera. 

Strain  8  showed  marked  specific  relationships  to  strains  15, 
29  and  33,  and  it  would  seem  reasonable  to  expect  that  absorp- 
tions of  a  serum  produced  with  this  strain  would  indicate  a  similar 
grouping  of  the  gonococcus  strains.  This,  in  large  measur'e, 
proved  to  be  the  case,  although  there  were  rather  fewer  strains 
in  the  group  absorbing  little  or  none  of  the  homologous  ag- 
glutinins. With  respect  to  a  few  strains,  also,  there  are  certain 
marked  differences,  as  for  example  the  fact  that  strains  27, 
28  and  39,  which  absorbed  little  or  none  of  the  homologous  ag- 
glutinins from  strains  15,  29  and  33  sera,  removed  practically 
all  of  these  agglutinins  from  strain  8  serum;  on  the  other  hand, 
strains  7,  12,  and  44  did  not  absorb  the  homologous  agglutinins 
from  strain  8  serum  but  did  so  from  the  other  three  sera. 

The  next  serum  (106)  reported  in  this  table  was  immune  to  a 
strain  (42)  which  showed  very  close  relationships  to  the  four 
preceding  serum  strains  (29,  33,  15,  8).  This  strain  produced 
a  serum  from  which  the  homologous  agglutinins  were  absorbed 
by  a  larger  number  of  the  test  strains  than  was  the  case  with  any 
other  serum  investigated.  There  are  thirty-three  strains  in  the 
75  to  100  per  cent  class  and  only  eight  in  the  0  to  33  per  cent 
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group.  In  the  light  of  these  findings  we  have  concluded  that 
this  strain  42  is  as  nearly  representative  of  the  entire  gonococcus 
group  as  any  which  we  have  encountered.  This  conclusion  is 
substantiated  to  a  considerable  extent  by  the  complement  fixa- 
tion tests  reported  in  a  following  section. 

Strains  7  and  18  show  only  partial  relationships  to  those  used 
in  producing  the  five  preceding  sera;  strain  7  absorbed  strongly 
the  homologous  agglutinins  from  sera  218  and  106,  partially 
those  of  217  and  104,  and  none  from  225;  strain  18  absorbed 
completely  or  nearly  so  from  104,  106  and  225  sera,  and  not  at 
all  from  217  and  218.  Sera  produced  with  each  of  these  two 
strains  (7  and  18)  indicated  also  that  their  agglutinogenic  con- 
stituents differ  markedly  from  those  of  strains  8,  15,  29,  33  and 
42  in  that  their  homologous  agglutinins  are  absorbed  strongly 
by  relatively  few  of  this  collection  of  gonococcus  strains.  Yet, 
on  the  other  hand,  these  two  strains  interabsorbed  in  too  slight 
degree  to  warrant  placing  them  in  the  same  group.  Strain  41 
is  also  one  which  showed  a  close  relationship  to  only  a  few  of  the 
other  forty-nine  gonococcus  cultures.  Of  the  seven  preceding 
sera  in  table  5  this  strain  41  absorbed  completely  only  homologous 
agglutinins  from  strain  42  serum,  and  only  nine  heterologous 
strains  caused  a  75  to  100  per  cent  absorption  of  the  homologous 
agglutinins  from  its  own  serum  (223).  Some  of  these  strains 
absorbing  strongly  from  strain  41  serum  bring  this  culture  into 
close  relationship  with  strain  18.  Strains  1,  14,  17,  18,  24  and 
41,  in  fact,  may  be  said  to  constitute  a  small  group,  but  one  which 
is  not  sharply  separated  from  the  main  group  of  which  strains 
8  and  15  are  examples. 

The  absorption  tests  with  strain  5  serum  (95)  are  of  much 
interest  in  that  this  strain  seems  to  serve  as  a  connecting  link 
between  such  aberrant  strains  as  2,  16,  21,  22  and  27,  which  failed 
largely  to  absorb  from  the  preceding  sera  of  table  5,  and  certain 
members  of  the  main  group  such  as  8,  30  and  34.  Strain  5, 
as  is  shown  in  this  table,  is  one  which  failed  almost  completely 
to  absorb  the  homologous  agglutinins  from  the  eight  other 
sera,  yet  the  homologous  agglutinins  of  its  own  serum  were  bound 
strongly  by  twenty  of  these  strains.     This  is  an  example  of  a 
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phenomenon  frequently  observed  in  this  study,  namely,  that  the 
agglutinin-binding  and  the  agglutinogenic  properties  of  a  given 
strain  may  exhibit  apparent  inconsistencies.  Meinicke,  Joffe  and 
Flemming  (15)  noted  a  somewhat  similar  state  of  affairs  in  their 
study  of  serological  relationships  of  cholera  vibrios  and  ascribed 
the  failure  of  certain  vibrios  to  bind  the  homologous  agglutinins 
produced  by  other  strains  to  loss  of  avidity  of  those  particular 
receptors  as  indicated  by  in  vitro  absorption  tests,  but  in  vivo 
these  receptors  regain  their  avidity  and  in  conjunction  with  the 
other  elements  constituting  the  specific  antigen  of  the  vibrio 
may  produce  agglutinins  for  the  entire  group.  It  is  conceivable, 
in  like  manner,  in  relation  to  certain  of  these  gonococcus  strains, 
of  which  strain  5  is  an  example,  that  the  antigenic  constituents 
may  have  become  so  altered  as  to  impair  their  agglutinin-binding 
capacities  and  yet  leave  their  agglutinogenic  properties  intact. 

The  absorption  results  with  the  nine  sera  reported  in  table 
6  and  also  of  two  others,  indicated  to  us  that  our  strains  could  not 
be  distributed  among  a  number  of  distinct  serological  types  which 
were  sharply  separated  from  one  another,  as  is  the  case,  for  in- 
stance, as  regards  the  first  three  types  of  pneumococci.  There 
would  seem  to  be  one  large  basal  group,  the  members  of  which 
are  closely  related  but  not  all  entirely  identical  from  an  antigenic 
standpoint.  To  this  main  or  regular  group,  thirty-nine  of  our 
seventy-seven  strains  may  be  referred,  namely,  3,  4,  6,  8,  9,  10, 
11,  15,  19,  23,  26,  29  to  37,  40,  42,  43,  45,  47,  50  to  53,  60,  61, 
63,  64,  66,  69,  70,  71,  72.  Some  of  these  strains  embody  antigenic 
elements  of  a  highly  generalized  character  and  are  thus  representa- 
tive of  a  considerable  part  of  the  gonococcus  group.  Strains  8, 
15,  34  and  42  are  examples  of  cultures  possessing  markedly  gener- 
alized antigens. 

Bordering  on  this  main  group,  we  have  encountered  sixteen 
strains  of  which  the  antigenic  elements  are  more  specialized  but 
which,  nevertheless,  showed  a  close  relationship  to  certain  mem- 
bers of  the  main  group.  Such  strains  (as  examples  may  be  cited 
5,  7,  12,  13,  14,  21,  24,  38,  39,  44  of  table  6)  may  be  designated, 
''intermediate,"  in  view  of  their  position  between  the  main  group 
and  the  following  variant  strains. 
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Finally  we  have  encountered  in  this  collection  a  considerable 
number  of  strains  (19)  which  are  more  definitely  separated  from 
the  main  group  and  which  exhibit  individual  antigenic  variations 
to  a  marked  degree.  We  would  designate  these  as  "irregular 
strains"  and  place  the  following  in  this  class:  1,  2,  16,  17,  18, 
20,  22,  27,  28,  41,  46,  49,  55,  62,  67,  72,  75,  76,  77.  Some  of  these 
strains,  as  1,  17,  18,  20,  and  41,  as  already  stated,  showed  close 
enough  relationships  to  warrant,  perhaps,  placing  them  together 
in  a  small  group,  although  strain  1  tended  later  to  develop  the 
qualities  of  a  regular  strain.  It  is  quite  possible  that  through  the 
use  of  other  sera  further  relationships  among  certain  of  the  irregu- 
lar strains  might  have  been  discovered.  In  fact,  as  shown  in 
table  6,  a  relationship  to  some  one  of  the  regular  strains  has  been 
demonstrated  for  a  number  of  these  irregular  strains,  indicating 
that  they  may  possess  certain  antigenic  elements  in  common 
with  the  main  group.  We  may,  perhaps,  conceive  these  variants 
as  having  undergone  a  rearrangement  of  their  generalized  antigens 
through  adaptation  to  differing  environments  to  such  a  degree 
that  certain  strains,  such  as  2  and  22,  seem  to  be  almost  distinct 
serological  entities.  As  will  be  indicated  presently,  however,  it 
is  conceivable  that  they  all  may  be  capable  of  reversion  to  a  type 
approximating  the  original  pattern. 

In  classifying  the  gonococci  under  the  three  general  headings  of 
(a)  regular,  (6)  intermediate  and  (c)  irregular  strains,  we  mean 
to  convey  our  impression  that  the  antigenic  constitution  of  these 
organisms  is  so  variable  and  so  prone  to  individualistic  expression 
that  the  supposition  of  the  existence  of  sharply  defined  types  or 
groups  is  not  warranted.  This  conclusion  seems  to  us  to  be 
especially  justified  by  the  fact  that  the  gonococcus  antigen  has 
exhibited  marked  tendencies  to  lability.  This  point  will  be  dis- 
cussed later  in  detail. 

The  most  extensive  serological  study  of  the  gonococcus  group, 
based  on  the  absorption  of  homologous  agglutinins,  which  has 
been  pubhshed  within  recent  years,  is  that  of  Hermanies  (13). 
Jotten  (16)  differentiated  four  different  groups  into  which  twenty 
of  his  twenty-seven  strains  apparently  fell,  but  he  does  not  report 
having  used  absorption  methods  in  his  classification,  so  our 
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results  may  not  be  compared  with  any  degree  of  assurance  with 
his.  Hermanies'  work  constitutes  a  painstaking  and  close  analysis 
of  eighty-five  gonococcus  strains  and  his  results  are  of  much  in- 
terest. Through  the  use  of  agglutinin  absorption  methods,  he 
concluded  that  his  eighty-five  strains  might  be  distributed  among 
six  immunological  types,  which  he  believed  to  be  distinct  and 
clear-cut.  His  group  2,  consisting  of  thirty-six  strains,  was 
further  divided  into  four  sub-types.  In  his  first  group  were  in- 
cluded the  ten  so-called  "Torrey  strains."  In  a  personal  com- 
munication he  has  informed  us  that  one  set  of  these  strains  was 
obtained  from  the  New  York  (City)  Department  of  Health 
Laboratories  and  as  our  set  of  these  strains  was  obtained  from 
the  same  source,  we  may  be  reasonably  sure  that  his  group  1  of 
forty-one  strains  and  our  main  group  of  thirty-nine  regular  strains 
correspond  as,  in  both  instances,  these  groups  include  these 
"Torrey  strains."  His  second  group  of  thirty-six  cultures  in- 
cluded strains  which  varied  greatly  in  their  agglutinogenic  and 
absorptive  capacities.  We  have  not  been  able  to  detect  any 
second  large  group  among  our  series  of  strains,  although  some  of 
our  intermediate  or  possibly  the  small  group  of  five  irregular 
strains  might  be  found  to  correspond  to  certain  of  his  group  2 
types.  His  other  four  types  were  made  up  of  more  or  less 
isolated  variants;  three  strains  constituting  his  type  3,  two  his 
type  4,  and  one  each  in  his  types  5  and  6.  It  is  quite  possible  that 
some  of  our  irregular  strains  may  correspond  to  these  latter 
types. 

In  comparing  our  results  with  those  of  Dr.  Hermanies  and 
in  attempting  to  reconcile  the  differences,  certain  considera- 
tions should  be  held  in  view,  all  or  any  of  w^hich  may  be  account- 
able in  some  measure  for  the  dissimilarity  of  our  conclusions.  In 
the  first  place  our  stock  cultures  have  been  maintained  almost 
from  the  time  of  isolation  on  a  semi-solid  serum-free  medium, 
whereas  the  Hermanies  strains  were  carried  on  ascitic  agar 
slants.  It  is  possible  that  our  medium  is  more  likely  to  bring 
to  light  generic  interrelationships  than  is  the  solid  ascitic  agar. 
Again,  many  of  our  strains  were  derived  from  widely  separated 
geographical  localities,  the  infection  having  been  contracted  in 


332       JOHN  C.  TORREY  AND  GEORGE  T.  BUCKELL 

a  considerable  number  of  instances  in  foreign  countries,  and  as 
regards  other  cases  in  widely  separated  parts  of  this  country. 
Of  the  foreign  strains,  three  are  from  England  (2,  5,  18),  six 
from  France  (4,  6,  46,  66,  69,  73),  two  from  Mexico  (8,  74)  and 
one  each  from  Germany,  Belgium,  Egypt  and  Panama  (respec- 
tively, 7,  41,  53,  and  76).  A  number  of  other  strains  obtained 
from  Dr.  E.  Finch  are  probably  of  foreign  origin,  but  their 
history  is  not  definitely  known.  The  majority  of  the  Hermanies 
strains  are  described  as  having  been  isolated  from  patients  in 
the  Cincinnati  General  Hospital.  It  is,  perhaps,  reasonable  to 
suppose  that  such  a  comparatively  restricted  environment  would 
yield  a  larger  number  of  strains  of  a  similar  type.  And,  finally, 
our  methods  for  conducting  the  absorption  tests  were  quite 
different.  It  seems  probable  that  we  absorbed  with  a  larger 
dosage  of  gonococci  than  did  Hermanies  and  perhaps  with  a 
more  uniform  dosage.  His  technic  was  based  on  the  assumption 
that  ascitic  agar  slants  of  fairly  constant  area  would  yield  a  like 
amount  of  growth  with  each  of  his  gonococcos  strains.  It  has 
been  our  experience  that  various  gonococcus  strains  may  differ 
markedly  in  the  amount  of  growth  produced  on  a  given  lot  of 
medium  and  that  comparative  absorption  tests  resting  on  the 
supposition  that  growth  obtained  from  approximately  equal 
areas  of  culture  medium  surface  will  prove  at  times  misleading. 
Further,  in  the  Hermanines  technic  absorption  tests  were  confined 
to  the  determination  of  the  degree  of  removal  of  the  homologuos 
or  specific  agglutinins  but  no  check  was  made  on  absorptions  of 
the  group  agglutinins.  It  is  obvious  that  if  these  are  not  absorbed 
completely  they  might  influence  the  titer  obtained  in  tests  of  the 
absorbed  serum  with  the  homologous  strain.  There  is  no  state- 
ment, also,  in  regard  to  the  selection  of  a  definite  end  point  for 
the  agglutination  reaction.  In  comparative  work  this  would 
seem  to  be  a  matter  of  prime  importance. 

A  careful  study  of  the  Hermanies  tables  would  seem  to  indicate 
here  and  there  some  relationships  between  his  several  groups. 
Certain  of  his  type  1  strains  absorbed  at  least  50  per  cent  of  the 
specific  agglutinins  from  a  type  5  serum  and  also  a  type  4  strain 
apparently  absorbed  75  per  cent  from  type  5  serum.     In  his 
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second  article  (14)  table  6,  there  is  an  indication  that  three  type  1 
strains  and  also  the  type  4,  5  and  6  strains  removed  at  least  50 
per  cent  of  specific  agglutinins  from  a  type  2(b)  serum;  in  the 
same  article,  table  8,  six  other  type  1  strains  absorbed  50  per 
cent  or  over  of  type  2(a)  agglutinin  from  a  type  2(b)  serum.  A 
few  other  instances  of  apparent  cross  absorptions  might  be  cited, 
all  of  which  indicate  that  there  existed  at  least  some  degree  of 
inter-relationship  between  these  Hermanies  types.  It  seems  to 
us  quite  likely  that  if  antisera  had  been  produced  to  a  considerable 
number  of  the  type  1  strains,  certain  ones  might  also  have  been 
found  occupying  an  intermediate  position  between  the  type  1 
and  type  2  groups. 

In  his  second  article  (14)  Hermanies  has  analyzed  his  thirty- 
five  type  2  strains  and  demonstrates  that  they  may  be  divided 
into  four  fairly  distinct  and  characteristic  sub-types- — the  a, 
b,  c  and  d  races.  The  matter  was  futher  complicated  by  the 
finding  that  the  individual  strains  of  these  several  races  differ 
more  or  less  among  themselves  in  the  relative  distribution  of 
these  several  agglutinogens.  There  exists,  then,  in  this  group  a 
very  complex  state  of  relationships.  The  point,  however,  which 
we  wish  to  emphasize  particularly  at  this  place  is  that  these 
several  agglutinogenic  components,  according  to  Hermanies' 
findings,  may  change  in  relative  amount  under  cultivation;  for 
example,  as  regards  his  strain  66,  he  found  that  after  a  period  of 
cultivation  the  antigenic  component  designated  as  b  had  become 
much  reduced  with  a  coincident  augmentation  of  the  so-called  x 
moiety.  Other  similar  instances  of  marked  lability  of  the 
antigenic  constituents  of  this  group  are.  noted  in  his  article. 

Very  recently  Cook  and  Stafford  (31)  have  reported,  as  a  result 
of  an  agglutinin  absorption  and  alexin  fixation  study  of  sixteen 
gonococcus  strains,  that  they  were  not  able  to  define  any  groups, 
absorption  of  agglutinins  having  taken  place  without  uniformity. 
The  technic  employed  in  the  absorptions  was  essentially  that 
given  by  Hermanies. 

In  1907  one  of  us  (1)  determined  that  six  of  the  ten  gonococcus 
strains  studied  might  be  distributed  through  agglutinin  absorp- 
tion experiments  among  three  groups  which  were  apparently 
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serologically  independent  of  one  another.  In  reexamination  of 
five  of  these  strains  (one  was  not  available)  we  were  much  sur- 
prised to  find  that  they  had  become  very  closely  related  as 


TABLE  7 
Experiment  to  show  the  changes  in  absorptive  capacity  which  have  occurred  in  certain 
"Torrey  strains"  after  fourteen  years  cultivation.  Set  1  =  strains  obtained  from 
the  New  York  City  Health  Department  Laboratories.  Set  2  =  strains  obtained 
from  H.  K.  Mulford  Company  Laboratories.  Set  3  =  strains  obtained  from 
Parke,  Davis  and  Company  Laboratories.  Test  serum  for  1921  absorptions 
immune  to  strain  36  {original  G)  of  set  1.  This  serum  tvas  absorbed  with  each  of 
the  strains  of  each  set  and  then  tested  with  the  homologous  strain.  Titer,  3000. 
Absorbed  at  1 :  100 


ABSOEPTIONS  OF  1907 

ABSORPTIONS  OF  1921  WITH 

"torbet 

Set  1  strains 

Set  2  strains 

Set  3  strains 

Titer 
with  un- 
absorbed 

serum 

Titer 

homologous 

strain  with 

absorbed 

serum 

(absobb- 

INO 

strains) 

Titer 
with  un- 
absorbed 

serum 

Titer 
homolo- 
gous strain 

with 

absorbed 

serum 

Titer 
with  un- 
absorbed 

serum 

Titer 
homolo- 
gous strain 

with 

absorbed 

serum 

Titer 
with  un- 
absorbed 

serum 

Titer 
homolo- 
gous strain 

with 

absorbed 

serum 

A 

800 

2000 

(0)* 

2000 

<200 
(100) 

1000 

1000 

(66) 

1000 

500 

(84) 

B 

400 

Not 
tested 

2000 

200 
(94) 

500 

200 

(94) 

2000 

200 
(94) 

c 

800 

2000 
(0) 

3000 

<200 
(100) 

2000 

200 

(94) 

2000 

1000 
(66) 

G 

2000t 

- 

3000 

<200 
(100) 

4000 

500 

(84) 

200 

500 
(84) 

H 

2000 

800 
(60) 

- 

- 

- 

- 

1000 

1000 

(66) 

*  Figures   in   parenthesis   indicate   percentage   absorptions    of    homologous 
agglutinins. 

t  Homologous. 

regards  their  antigenic  constituents.  In  table  7  there  is  pre- 
sented a  comparison  of  the  absorption  results  with  strain  G 
(36)  serum  in  1907  and  1921.  It  may  be  observed  that  in  1907, 
strains  A  (strain  B  was  closely  related  to  A)  and  C  absorbed  none 
of  the  specific  agglutinins  from  strain  G  serum,  but  strain  H 
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absorbed  60  per  cent.  In  1921,  however,  we  find  that  three 
sets  of  these  strains  obtained  from  three  independent  laboratories 
(H  was  available  from  only  one  source)  had  approached  a  common 
type  in  that  all  the  A,  B  and  C  strains  now  absorbed  from  two- 
thirds  to  all  of  the  homologous  agglutinins  from  a  strain  G  serum. 
It  is  of  interest  to  note  that,  whereas  a  variety  of  media  had 
been  used  in  the  cultivation  of  sets  1  and  2  during  this  fourteen- 
year  period,  set  3  had  been  maintained  on  an  ascitic  agar  medium 
of  uniform  character.^ 

Other  similar  experiments  in  which  a  strain  B  (30)  serum  was 
absorbed  with  these  three  sets  of  cultures  have  given  similar 
results,  in  that  strains  C  and  G,  which  in  1907  appeared  quite 
distinct  from  strain  B  serologically,  now  absorb  very  strongly  the 
specific  agglutinins  for  strain  B.  Hermanies  has  placed  all  of 
the  "Torrey  strains"  received  from  two  sources  in  his  type  1 
group,  although  six  of  the  ten  strains  received  from  another 
source  constitute  his  c  race  of  type  2.  We  also  have  found  nine 
of  these  strains  (A,  29;  B,  30;  C,  31;  L,  32;  0,  33;  S,  34;  Q,  35; 
G,  36)  sufficiently  ahke  serologically  to  warrant  placing  them 
together  in  our  group  of  regular  strains.  It  is  evident,  then,  that 
gonococcus  strains  which  at  the  time  of  isolation  are  apparently 
distinct  serological  entities  or  belong  to  particular  groups,  may 
tend  after  a  period  of  cultivation  to  assume  a  common  generahzed 
antigenic  condition.  We  are  also  convinced  that  antigenic 
lability  should  not  be  postulated  as  confined  to  one  particular 
group  or  type,  as  assumed  by  Hermanies,  but  is  rather  a  generic 
characteristic  shared  in  varying  degree  by  all  gonococcic  strains. 

Absorptions  with  twelve  selected  strains 

Our  inabihty  to  demonstrate  the  existence  of  distinct  and  stable 
types  in  the  gonococcus  family  led  us  to  approach  the  problem 
of  serological  relationships  among  these  organisms  from  a  differ- 
ent standpoint,  namely,  the  apphcation  of  absorption  tests  to  a 
large  number  of  different  strain  sera  with  a  selected  set  of  twelve 

*  Set  2  was  composed  of  strains  which  had  been  received  from  the  New  York 
Health  Department  Laboratory  two  to  eight  years  previously. 
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strains  in  order  to  single  out  one  or  more  strains  of  such  a  gen- 
eralized character  as  to  be  fairly  representative  of  the  whole 
gonococcus  group.  An  advantage  pertaining  to  making  ab- 
sorption tests  with  such  a  limited  number  of  strains  lies  in  the 
fact  that  an  experiment  with  a  given  serum  may  be  carried  out  in 
a  single  day  and  thus  under  more  uniform  conditions  than  when 
the  tests  are  extended  over  several  days  as  is  necessary  with  a 
large  collection  of  strains. 

These  twelve  gonococcus  strains  were  in  some  measure  repre- 
sentative of  the  principal  serological  variants  encountered  among 
the  first  fifty  strains  examined.  The  twenty-seven  monovalent 
sera  which  were  absorbed,  were  immune  to  strains  representing 
a  still  wider  range  of  variation.  In  table  8  are  collated  the 
results  obtained  in  this  comparative  series  of  absorptions.  The 
figures  under  each  serum  represent  the  percentage  of  absorption 
of  the  homologous  agglutinins  which  was  effected  by  each  of  the 
several  selected  strains.  In  the  case  of  a  few  sera  an  absorption 
was  not  carried  out  with  the  homologous  strain  but  it  may  be 
assumed  that  90  to  100  per  cent  of  the  agglutinins  would  have 
been  removed.  With  reference  to  anti-sera  to  strain  5  and  also 
to  29,  the  results  with  two  sera  produced  at  different  times  are 
given  in  order  to  illustrate  fluctuations  in  absorptive  capacities 
which  were  observed  in  certain  strains — such  as  1,  7,  18,  and 
25 — under  conditions  of  artificial  cultivation.  These  experi- 
ments were  all  conducted  and  controlled  in  the  manner  illustrated 
in  table  5,  but  for  our  present  purposes  it  is  sufficient  to  report 
the  data  in  regard  to  the  percentage  of  absorption  of  the  homolo- 
gous agglutinins. 

Table  8  shows  clearly  that  there  exists  a  diversity  in  the  range 
of  the  absorptive  capacities  of  these  selected  strains.  In  order, 
however,  that  these  differences  may  be  readily  evaluated,  a 
graph  is  presented  giving  the  percentage  absorption  value  of 
each  strain.  In  computing  these  percentage  values,  a  score  of 
2  points  was  given  for  a  practically  com^plete  absorption  of  the 
homologous  agglutinins  (75  to  100  per  cent);  for  a  partial  ab- 
sorption (about  50  per  cent)  1  point,  and  a  slight  absorption 
(not  exceeding  33  per  cent)  was  counted  as  negative.     On  this 
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basis,  then,  the  highest  possible  score  for  the  twenty-seven  sera 
would  be  54. 

This  graph  shows  clearly  the  fact  that  of  these  particular 
strains,  34  possesses  the  widest  and  most  generalized  absorptive 
capacities,  effecting  a  marked  absorption  of  the  homologous 
agglutinins  from  twenty-four  of  the  twenty-seven  sera.     This 
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strain,  as  has  already  been  mentioned,  is  one  of  the  set  obtained 
from  the  New  York  Health  Department  Laboratories  under  the 
designation  "S."  Strains  11  and  30  proved  to  be  next  in  effi- 
ciency in  absorptive  capacities  with  the  others  grading  off  to  those 
with  the  least  generalized  absorptive  properties,  namely,  strains 
41  and  49.  We  do  not  wish  to  convey  the  impression  that  strain 
34  is  unique  among  our  collection  of  cultures  in  its  generalized 
affinities  for  it  seems  highly  probable  that  certain  other  strains, 
such  as  8  and  42,  might  have  proved  quite  as  effective. 
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General  observations  in  reference  to  table  8 

ToUuch  (17)  in  discussing  the  importance  of  the  appHcation 
of  standardized  agglutination  methods  in  a  study  of  immuno- 
logical types  of  a  given  bacterial  species,  mentioned  the  desira- 
bility of  using  sera  with  as  uniform  a  titer  as  possible.  Other 
investigators,  such  as  Gordon  (18)  for  meningococci  and  Hooker 
(7)  for  the  typhoid  bacillus,  have  reported  the  presence  of  greater 
specificity  in  sera  from  rabbits  after  a  few  inoculations  than  after 
many;  or  as  Gordon  has  expressed  it,  in  the  ''first  born  ag- 
glutinin." Although  these  general  principles  may  apply  to  the 
gonococci,  it  was  not  found  feasible  either  to  restrict  the  number 
of  inoculations  to  a  small  number  or  to  attempt  to  employ  sera 
with  a  nearly  uniform  titer.  This  was  due  to  the  fact  that  the 
rabbits  responded  very  unequally  to  inoculations  with  various 
strains.  With  some  strains  a  fairly  high  titer  could  be  obtained 
after  six  inoculations  given  in  a  period  of  two  weeks,  but  with 
other  strains  a  prolonged  course  of  inmiunization  was  necessary 
before  a  serum  could  be  obtained  with  a  titer  perhaps  only  one- 
half  or  less  as  high  as  with  the  former. 

As  has  already  been  mentioned,  relatively  inagglutinable  strains 
were  encountered  more  frequently  than  was  anticipated.  In- 
agglutinability,  however,  does  not  necessarily  mean  the  absence 
of  agglutinogenic  or  agglutinin-absorbing  capacities  as  was 
demonstrated  by  Mcintosh  and  McQueen  (19)  some  years  ago 
in  a  study  of  an  inagglutinable  typhoid  strain,  and  more  recently 
in  reference  to  typing  meningococci  by  Mathers  and  Herrold 
(20)  and  others.  On  the  other  hand  Bemains  (21)  has  shown  that 
a  strain  of  B.  dysenteriae,  which  was  artificially  rendered  in- 
agglutinable, also  lost  its  agglutinogenic  and  agglutinin  absorbing 
functions.  It  might  be  expected  that  the  relatively  inagglutinable 
strains  of  gonococcus  would  also  prove  poor  absorbers  of  agglu- 
tinin, but  this,  although  true  in  some  instances,  was  not  always 
the  case;  certain  poorly  agglutinating  strains,  such  as  25  (tabl*  ^  > 
absorbed  agglutinins  strongly  and  consistently.  Another  sini'  .  1 1 
point,  which  has  already  been  'discussed,  is  further  illustrated  in 
table  8,  namely,  that  the  agglutinogenic  and  the  absorptive  capae- 
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ities  of  a  strain  may  not  run  entirely  parallel.  For  example,  strain 
38  produced  a  serum  from  which  the  homologous  agglutinins 
were  absorbed  in  greater  or  less  degree  by  all  these  twelve  selected 
strains  and  yet  strain  38  removed  none  of  the  homologous  agglu- 
tinins from  sera  produced  respectively  with  strains  1,  18  and  30. 
Other  instances  are  provided  by  strains  27  and  49,  both  of  which 
absorbed  agglutinin  poorly  and  were  apparently  unrelated  to 
other  larger  groups  of  gonococci  but  w^hich,  nevertheless,  pro- 
duced agglutinins  readily  absorbable  by  regular  types.  In  de- 
termining serological  relationships  among  the  gonococci,  then, 
it  is  not  sufficient  alone  to  absorb  other  sera  with  a  given  strain 
but  a  serum  should  be  produced  with  this  strain  and  absorbed 
in  turn  with  other  typical  strains  as  it  is  evident  that  in  some 
instances  the  function  of  binding  agglutinin  may  have  become 
inactivated  or  suppressed  in  some  degree  without  affecting  the 
agglutinogenic  propensities. 

Teague  and  McWilliams  (22) ,  in  a  study  of  the  effect  of  spon- 
taneous agglutination  on  the  absorption  of  agglutinins,  found  that 
in  the  case  of  a  typhoid  strain  spontaneously  agglutinating  sub- 
cultures absorbed  less  agglutinin  than  did  the  normal  sub-cultures. 
They  inferred  from  this  finding  that  physical  aggregation  may 
play  a  part  in  effecting  the  amount  of  agglutinin  absorbed  by 
various  strains.  Gonococcus  strains  with  tendencies  to  spon- 
taneous clumping  have  been  encountered  not  infrequently  in 
this  work  but  this  tendency  has  not  seemed  to  interfere  with 
agglutinin  absorption,  perhaps  because  the  aggregations  were 
more  readily  broken  up  than  is  the  case  with  flagellated  bacilli 
such  as  B.  typhosus. 

Vulvovaginitis  strains 

This  series  of  gonococcus  cultures  included  thirteen  strains 
isolated  from  cases  of  vulvovaginitis  in  young  girls.  The  ages  of 
these  patients  ranged  from  two  to  eleven  years,  with  ten  under 
six  years.  These  strains  were  studied  with  particular  care  in 
order  to  determine  if  they  constitute  a  type  immunologically 
distinct  from  those  recovered  from  adult  gonorrheal  infections. 
Louise  Pearce  (23),  from  a  comparative  serological  study  of  six 
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infant  strains  and  nine  strains  from  adult  cases,  came  to  the  con- 
clusion that  there  are  inherent  differences  in  the  types  of  gonococci 
causing  these  two  classes  of  infections,  although  not  to  an  extent 
which  would  warrant  separating  them  into  two  distinct  immuno- 
logical groups.  Her  methods  of  investigation  included  agglutina- 
tion tests  without  absorptions  and  complement  fixation  experi- 
ments. The  results  with  these  two  methods  were  harmonious. 
It  is  obvious  that  if  the  gonococcal  strains  recovered  from  these 
two  classes  of  infection  could  be  shown  to  be  representative  of 
serologically  distinct  types,  it  would  clarify  our  ideas  in  regard 
to  their  epidemiological  relationship. 

In  table  9  the  results  of  absorptions  with  sera  immune  to  two 
of  these  vulvovaginitis  strains  are  reported  and  in  table  8  the 
absorptions  of  these  sera  (108  and  239)  with  twelve  adult  strains. 
In  table  5  are  detailed  further  the  absorptions  of  a  serum  (104) 
immune  to  an  adult  strain  (15)  with  these  infant  case  strains. 

These  several  cross  absorptions  indicate  clearly  that  no  definite 
serological  distinction  may  be  drawn  between  infant  and  adult 
strains.  Among  these  infant  strains,  as  is  demonstrated  in 
table  9,  one  encounters  the  same  lack  of  homogeniety  as  to  type 
as  would  be  observed  among  a  similar  series  of  strains  isolated 
from  adult  cases.  We  also  find  among  the  infant  strains  cer- 
tain ones  (48,  60,  61,  63,  64)  which  absorbed  strongly  the  homol- 
ogous agglutinins  from  an  adult  strain  serum  (table  5)  and  also 
others  (55,  56,  57,  62,  75)  which  removed  little  or  none  of  such 
agglutinins  from  this  adult,  regular  strain  serum.  One  fairly 
definite  characteristic,  however,  was  noted  in  the  study  of  these 
infant  strains  and  that  was  that  their  agglutinogenic  potential- 
ities were  not  strong.  No  serum  with  a  titer  above  1 :  800  was 
obtained  with  any  of  the  four  strains  employed  in  rabbit  immuni- 
zations. With  one  strain  (48)  the  titer  could  not  be  forced 
above  1 :  250  in  spite  of  a  prolonged  series  of  inoculations  of  large 
dosage.  It  should  be  noted,  however,  that  the  production  of 
low  titer  sera  was  not  confined  to  infant  strains  as  certain  adult 
strains,  especially  of  the  irregular  type,  exhibited  the  same  ten- 
dency, but  it  appeared  to  be  more  of  a  distinguishing  trait  of 
the  infant  strains.     These  infant  strains  also,  as  a  class,  tended 
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to  absorb  agglutinins  rather  less  strongly  than  most  of  the 
adult  strains.  This  weakness  in  antigenic  properties  may  be 
a  factor  in  determining  the  mild  yet  chronic  course  which  most  of 


TABLE  9 

Two  sera  immune  to  vulvovaginitis  strains  (children  cases)  64  and  56,    absorbed 

with  other  strains  from  the  same  type  of  cases. 


TITER  WITH 

UNAB80RBED 

BEBUM 


TITER  ABSORB- 
ING STRAINS 
WITH  AB- 
SORBED SERUM 


TITER  HOMOL- 
OGOnS  STRAIN 

WITH  UNAB- 
SORBED SERUM 


TITER  HOMOL- 
OGOUS 

STRAIN  WITH 

ABSORBED 

SERUM 


PERCENTAGE 
ABSORPTION 
OF  SPECIFIC 

AGGLUTININS 


Strain  64  serum,  titer  800;  absorbed  1:25 


55 

50 

<50 

800 

100 

88 

56 

<50 

<50 

800 

800 

0 

57 

<50 

<50 

800 

400 

50 

58 

200 

<50 

800 

200 

75 

59 

400 

50 

800 

100 

88 

60 

400 

100 

800 

200 

75 

61 

200 

50 

800 

100 

88 

62 

100 

<50 

800 

400 

50 

63 

800 

100 

800 

800 

0 

64* 

800 

100 

800 

100 

88 

65 

100 

<50 

800 

800 

0 

75 

400 

<50 

800 

400 

50 

Meningococcus 

<50 

<50 

800 

800 

0 

Strain  56  serum,  titer  500;  absorbed  at  1:25 


48 

100 

<50 

500 

50 

90 

54 

750 

100 

500 

250 

50 

56* 

500 

500 

58 

500 

100 

500 

100 

80 

60 

1000 

<50 

500 

250 

50 

61 

1000 

<50 

500 

250 

50 

62 

100 

<50 

500 

250 

50 

64 

750 

100 

500 

100 

80 

Meningococcus 

<50 

<50 

500 

500 

0 

*  Homologous. 

these  cases  run  in  that  insufficient  stimulus  is  provided  for  the 
production  of  an  adequate  amount  of  bactericidal  antibody  on 
the  part  of  the  host. 

It  should  be  observed  that  the  majority  of  these  vulvovaginitis 
strains  were  isolated  from  patients  under  treatment  at  a  clinic 
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(Vanderbilt  Clinic,  through  the  courtesy  of  Dr.  B.  Wallace 
Hamilton)  and  it  was  thus  entirely  unlikely  that  the  infection 
could  have  been  received  in  any  instances  from  a  common  source. 
On  the  other  hand,  if  such  strains  are  isolated  from  cases  occur- 
ring in  an  institution,  there  is  always  a  possibility  that  a  single 
strain  may  have  been  spread  through  contact  and,  accordingly, 
a  study  of  such  cultures  might  give  an  unwarranted  impression  of 
serological  homogeniety  as  existing  among  gonococci  causing  these 
vulvovaginitis  infections. 

DISCUSSION 

Within  recent  years  much  time  and  effort  has  been  devoted 
by  various  investigators  to  the  detection  and  formulation  of 
distinct  immunological  types  among  different  species  of  patho- 
genic bacteria,  the  members  of  which  are  culturally  identical  or 
nearly  so.  Without  doubt  these  efforts,  in  some  instances,  have 
served  a  very  useful  purpose.  There  is,  however,  the  lurking 
hazard  in  extending  this  method  of  grouping  to  other  bacterial 
species  that  one  may  depart  widely  from  a  natural  system  of 
classification.  A  type  or  group,  if  established  on  a  rational  basis, 
should  represent  a  distinct  serological  entity.  The  antibodies 
of  a  serum  produced  with  a  member  of  a  given  type  should  be 
absorbed  completely,  or  nearly  so,  by  all  strains  referred  to  the 
same  type  but  should  not  be  affected  by  strains  assigned  to  a 
different  type.  Or,  as  Eastwood  (24)  has  expressed  it  in  an 
illuminating  discussion  of  this  question,  "if  strains  belonging  to 
the  species  fall  into  distinct  groups  without  cross-division,  when 
tested  by  a  number  of  monovalent  sera,  grouping  is  indicated; 
but  if  such  tests  produce  marked  cross-division,  grouping  is 
not  justifiable."  To  quote  further,  ''where  each  main  group  is 
so  elastic  that  its  margin  of  separation  from  the  others  is  small, 
one  begins  to  raise  the  question  whether  the  adopted  system 
of  grouping  has  turned  out  to  be  artificial  and  arbitrary,  and 
whether  the  species  under  consideration  is  really  amenable  to 
subgrouping." 

In  these  remarks,  Eastwood  was  referring  particularly  to 
certain  proposed  groupings  of  the  meningococci.     Dopter's  orig- 
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inal  division  of  the  meningococci  into  the  true  meningococci 
and  the  parameningococci  was  a  natural  one  in  that  we  have  here 
two  groups  which  are  generally  recognized  as  being  serologically 
distinct,  but  in  the  further  division  of  the  meningococci  into  four 
groups  in  accordance  with  Gordon's  classification  (18),  two 
groups  have  been  added  which,  perhaps,  are  not  founded  on  as 
sound  a  basis.  In  fact,  a  considerable  number  of  investigators  of 
the  meningococci  have  reported  that  the  Gordon  group  III  is 
not  sharply  separated  from  I,  nor  IV  from  II;  affinities  which 
Gordon,  himself,  has  recognized.  Griffiths  (25)  and  also  Scott 
(26),  from  a  study  of  spinal  and  nasopharyngeal  strains  derived 
from  much  the  same  sources  as  those  of  Gordon,  both  concluded 
that  only  two  main  groups  should  be  recognized;  a  conclusion 
which  Eastwood  has  considered  justifiable.  Griffiths  has  also 
inferred  that  'Hhe  two  groups  are  not  fixed  types  but  may  be 
further  sub-divided  by  means  of  absorption  experiments  into 
sub-groups  which  are  probably  'centers  of  variation'  of  the  differ- 
ent stages  of  evolution  of  the  meninogococcus  antigens." 

It  is  the  opinion  of  the  writers  that  there  is  much  less  justi- 
fication for  the  formulation  of  distinct  groups  in  the  gonococcus 
than  in  the  meningococcus  family.  Among  the  gonococci  there 
are  no  two  groups  as  sharply  separated  as  the  normal  meningo- 
cocci and  the  parameningococci.  In  fact,  if  agglutinin  absorp- 
tion and  agglutinogenic  properties  of  each  strain  are  taken  into 
consideration,  as  they  really  should  be  in  an  attempted  formula- 
tion of  types,  we  would  find  so  many  strains  exhibiting  individual 
inomunological  variations  and  also  inter-relationships  between 
what  might,  at  first  sight,  be  considered  representatives  of 
distinct  types  that  the  line  of  demarkation  between  the  proposed 
groups  would  tend  to  become  completely  obliterated.  We  have, 
accordingly,  on  the  basis  of  the  evidence  already  presented, 
distributed  our  gonococcus  strains  under  three  general  headings, 
namely,  regular  strains,  the  most  generalized  as  regards  antigenic 
properties,  intermediate  strains,  which  are  quite  closely  related 
to  certain  of  the  regular  types,  and  the  irregular  strains  which 
exhibit  marked  individualistic  variations.  In  employing  these 
general  terms  we  are  adopting  a  mode  of  classification  sunilar 
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to  one  which  has  been  extensively  appHed  to  the  meningococci, 
but  in  view  of  our  findings,  especially  as  regards  the  marked 
antigenic  lability  inherent  in  the  gonococcus  group,  we  feel  that 
it  is  as  definite  a  one  as  the  conditions  justify. 

This  phenomenon  of  antigenic  lability,  as  exhibited  by  the 
gonococcus,  is  most  interesting.  As  has  been  mentioned,  Her- 
manies  noted  a  marked  degree  of  lability  on  the  part  of  certain 
members  of  his  type  2  group.  During  the  course  of  our  experi- 
ments we  have  observed  numerous  instances  in  which  the  anti- 
genic constitution  of  strains  have  undergone  some  change  under 
cultivation.  By  way  of  example  reference  may  be  made  to  the 
results  obtained  with  two  sera  (217  and  236,  table  8)  immune 
to  strain  29.  An  interval  of  over  a  year  occurred  between  the 
times  of  production  of  these  sera  against  a  strain  which  had 
become  stabilized.  It  may  be  noted,  however,  that  strain  1 
has,  during  that  interval  developed  affinities  very  similar  to  the 
serum  strain  29,  a  member  of  the  regular  group,  although  soon 
after  isolation  this  strain  1  showed  a  close  relationship  to  strain 
41,  a  member  of  the  irregular  group  (table  8).  Strain  25,  also, 
during  this  period  has  developed  evidence  of  a  close  relationship 
to  this  serum  strain,  and  strain  7  has  passed  from  an  intermediate 
position  to  a  close  affinity  to  the  regular  group.  These  are  only 
a  few  instances,  among  many,  in  which  there  has  occurred  a 
change  in  antigenic  responses  to  various  sera.  Beside  such 
changes  in  these  comparatively  recent  strains,  we  have  the  still 
more  striking  evidence  of  antigenic  lability  as  presented  by  the 
changes  which  have  occurred  in  the  "Torrey  strains"  during  the 
fourteen  years  of  cultivation  (table  7).  In  the  face  of  such  a 
tendency  to  mutation  in  antigenic  constitution  on  the  part  of 
gonococci,  one  would  have  no  assurance  that  strains  selected  as 
type  representatives  might  not  change  entirely  in  character  after 
a  period  of  cultivation.  We  believe,  in  fact,  that  the  whole 
tendency  under  conditions  of  artificial  culture  is  for  reversion  to 
our  regular  group  and  that  a  strain  having  attained  that  dis- 
position of  its  antigenic  components  remains  in  a  comparatively 
stable  condition. 

Changes  in  type  under  cultivation  have  also  been  noted  by 
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various  observers  as  occurring  in  certain  strains  of  the  meningo- 
cocci. Griffiths,  in  fact,  in  view  of  the  variations  in  antigenic 
characteristics  observed  during  sub-cultivation  concluded  that 
"meningococcus  antigens  are  not  precisely  fixed  or  stable  sub- 
stances, but  are  liable  to  modification  under  the  influence  of 
environment."  He  believed  these  changes  might  take  one  or 
the  other  of  two  directions;  toward  either  increased  or  diminished 
complexity  of  the  structure  of  the  receptor  apparatus,  which 
would  mean  an  increase  or  diminution  in  the  range  of  binding 
capacity.  Scott  has  likewise  reported  temporary  variations  in 
agglutination  between  different  sub-cultures  of  the  same  strain 
of  meningococcus,  and  also  variability  in  the  absorptive  power 
of  one  strain.  Both  of  these  phenomena,  however,  he  considered 
due  to  the  presence  of  two  varieties  of  cocci  of  differing  sensitivity 
to  agglutinin  and  absorptive  powers  within  a  single  strain  with 
sometimes  one  and  sometimes  the  other  predominating  and  not 
to  antigenic  changes  within  the  substance  of  the  cocci.  These 
peculiarities,  however,  in  the  absorption  of  agglutinin  and  also 
the  large  number  of  serological  varieties  which  he  encountered, 
caused  him  to  doubt  the  practical  value  of  this  mode  of  classi- 
fication in  defining  types  among  the  meningococci.     Walker 

(27)  has  concluded  in  connection  with  a  discussion  of  the  signi- 
ficance of  meningococcic  types  that  "fixity  of  these  (Gordon's) 
is  not  proved."  Butterfield  and  Neill  (9),  although  believing 
Gordon's  type  strains  to  be  stable  and  finding  sera  prepared 
with  them  very  effective  in  the  classification  of  their  series  of 
meningococci,  reported  that  certain  strains  during  a  year's 
time  apparently  changed  from  one  type  to  another.  A  very 
interesting  observation  in  this  connection  is  that  of  Eberson 

(28)  on  the  effect  of  ultra-violet  rays  on  the  antigenic  properties 
of  the  meningococci.  He  found  that  by  exposure  to  these  rays, 
regular  and  irregular  meningococci  could  be  so  altered  that  they 
developed  the  property  of  producing  mutual  agglutinins,  but 
parameningococci  could  not  be  so  altered.  He  further  concluded 
from  similar  tests  that  regular  types  of  meningococci  include  with- 
in their  protein  molecules  the  elements  of  the  parameningococci 
but  that  the  latter  possesses  no  agglutinogenic  radicle  common 
to  the  regular  and  thus  constitutes  a  distinct  type  or  species. 
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In  attempts  to  explain  the  development  of  serological  variants 
among  certain  groups  of  bacteria,  a  number  of  different  hypoth- 
eses have  been  offered.  The  theory  of  Meincke  and  his  colleagues 
of  the  loss  of  avidity  on  the  part  of  certain  receptors  of  the 
cholera  vibrio  has  already  been  mentioned.  Eastwood  (24) 
has  suggested  that  a  more  reasonable  explanation  of  these  changes 
in  antigenic  behavior  lies  in  the  conception  that  antigen  is  "a 
chemical  substance  which  may  exist  in  one  or  other  of  several 
different  chemico-physical  phases,  demonstrable  in  vitro.  And 
the  same  conception  would  apply  to  antibody."  He  further 
suggests  that  these  various  chemico-physical  phases  are  closely 
related  to  changes  in  stereo-chemical  structure  of  the  molecules 
of  the  bacterial  protoplasm.  This  theory,  of  course,  is  at  present 
highly  speculative,  but  it  may  find  confirmation  through  later 
advances  in  physical  chemistry.  Hermanies,  in  a  discussion  of 
the  origin  of  the  sub-groups  and  races  which  he  encountered  in 
his  group  2  of  gonococci,  proposes  the  theory  that  his  four 
types  were  originally  derived  from  a  conunon  type  containing 
alone  the  agglutinogen  x,  but  under  different  environmental 
conditions  this  x  moiety  has  tended  to  retrogress  and  has  been 
replaced  in  greater  or  less  degree  by  the  antigenic  elements  a, 
b,  c  and  d,  according  to  the  particular  race  to  which  a  given 
strain  is  related.  This  process,  he  suggests,  may  be  carried  so 
far  that  the  original  x  element  becomes  lost  and  a  new  species 
characterized  by  one  or  other  of  the  four  acquired  antigenic 
elements  may  arise.  The  new  species  would  seem  to  be  fixed  in 
type  because,  as  the  antigenic  element  x  has  been  entirely  elimi- 
nated, there  is  no  possibility  of  reversion  to  that  original  type.  In 
view,  however,  of  our  experimental  results  it  seems  to  us  that  this 
theory  assumes  a  greater  degree  of  acquired  antigenic  stabiUty 
than  is  exhibited  by  the  gonococcus  group.  It  is  our  opinion  that 
as  a  result  of  adaptations  of  gonococcal  strains  to  different  en- 
vironments, including  the  defensive  agencies  of  the  host,  there 
have  arisen  varied  molecular  configurations  or  physical-chemical 
phases — to  use  Eastwood's  term — of  the  same  specific  basal 
substance,  none  of  which,  however,  attain  a  state  of  complete 
stability  and  thus  do  not  give  rise  to  new  fixed  types.     Further- 
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more,  as  none  of  the  original  elements  have  been  lost  or  elim- 
inated, there  may  occur  in  time  following  exposure  to  an  en- 
vironment of  fairly  uniform  type,  such  as  is  presented  by  a 
culture  medium,  a  molecular  redistribution  of  the  antigenic  sub- 
stance until  a  pattern  resembling  that  characteristic  of  our 
regular  and  generalized  group  is  attained. 

Griffiths  (25)  has  suggested  that  enhanced  virulence  and  in- 
vasive powers  of  the  meningococcus  may  be  correlated  with 
increased  complexity  of  the  receptor  apparatus;  that  is  with  an 
increase  in  range  of  combining  capacity.  From  this  point  of 
view  our  most  complex  gonococcic  strains  are  those  designated 
as  regular,  with  the  intermediate  next  in  order  and  the  irregular 
types  exhibiting  the  least  degree  of  complexity.  Although  the 
majority  of  our  strains  were  isolated  from  more  or  less  acute  cases 
of  urethritis  and  accordingly  their  invasive  propensities  could 
not  be  evaluated,  there  were  eleven  strains  in  the  series  recovered 
from  cases  showing  complications.  Among  these  there  was  one 
case  of  ophthalmia,  three  of  chronic  prostatitis,  one  epididymitis, 
four  joint  infections  and  two  septicaemias.  Ten  of  the  eleven 
strains  isolated  from  these  cases  showing  complications  were  of 
the  regular  or  intermediate  type.  Although  the  number  of 
these  cases  is  too  few  for  a  definite  conclusion,  the  tentative 
suggestion  may  be  made  that  the  irregular  variant  strains  are 
less  likely  to  give  rise  to  complications  than  are  those  resembling 
the  regular  types.  Jotten  (16)  found  that  his  more  virulent 
strains  fell  into  two  of  his  four  groups,  but  as  to  whether  the 
members  of  these  two  groups  are  serologically  related  to  our 
regular  types,  we,  of  course,  can  offer  no  opinion. 

COMPLEMENT   FIXATION 

In  these  complement  fixation  experiments  with  the  gonococcus 
our  purpose  has  been  not  so  much  to  confirm  the  conclusions 
derived  from  the  agglutination  work  in  regard  to  the  serological 
relationships  of  our  strains  as  to  apply  the  facts  disclosed  to 
the  selection  of  strains  most  useful  as  antigens  for  the  diagnostic 
complement  fixation  test.  Incidentally,  however,  we  have  noted 
a  marked  degree  of  correspondence  between  the  strain  affinities 
revealed  through  these  two  methods. 
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One  of  the  great  obstacles  to  the  general  use  of  this  test  in  the 
past  has  been  the  difficulties  associated  with  the  preparation 
of  the  antigen,  especially  as  the  delicate  nature  and  apparent 
fastidious  cultural  requirements  of  the  gonococcus  have  made 
their  maintenance  a  troublesome  matter  and  also  because  it 
has  seemed  necessary  to  employ  a  considerable  number  of  strains 
in  preparing  the  antigens.  Commercial  distributers  of  biologi- 
cal products,  also,  have  been  unsuccessful  in  supplying  this 
antigen  in  an  entirely  satisfactory  way  because  of  its  tendency 
to  develop  anti-complementary  properties.  It  would  seem,  then, 
that  if  one  or  two  readily  cultivatable,  representative  strains 
should  prove  to  be  as  efficacious  as  antigens  as  the  combinations 
of  the  ten  or  more  strains,  which  have  been  used  generally  here- 
tofore, the  test  would  be  much  simplified  and  hence  more  generally 
available. 


Antigen.  The  following  serum-free  solid  medium  has  been 
used  for  growing  the  cultures  for  antigens.  This  medium  has  a 
growth  accessory  principle  and  is  prepared  according  to  the 
Huntoon  (4)  method,  although  the  formula  has  been  modified. 
It  has  generally  yielded  a  luxuriant  growth  with  the  gonococcus 
strains  employed. 

Salt-free,  1.5  per  cent  peptone,  "vitamine"  agar.  Five  hundred 
grams  of  fresh  chopped  beef  heart,  free  from  fat,  one  whole  egg  and  1  liter 
of  distilled  water  are  placed  in  a  double  boiler  over  a  free  flame  and  the 
temperature  is  maintained  at  60°C.  with  constant  stirring  for  five 
minutes.  Fifteen  grams  of  peptone  (Difco)  and  18  grams  of  flaked 
agar  are  now  added  and  the  temperature  raised  until  the  medium 
assumes  a  brownish  color.  It  is  then  made  slightly  alkaline  to  litmus 
(with  a  10  per  cent  sodium  carbonate  solution)  and  is  transferred  to  a 
flask,  or  better  to  a  coffee  pot,  and  heated  in  the  Arnold  sterilizer  at 
100°C.  for  two  hours.  The  medium  may  now  be  cleared  through 
centrifuging  or  by  filtering  through  glass  wool;  if  the  latter  procedure 
is  used,  the  meat  residue  should  be  deposited  on  the  glass  wool  in  a 
funnel  and  the  fluid  portion  allowed  to  perculate  through;  several 
times,   if  necessary.     No  cloth,   cotton  or  other  absorbent  material 
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should  be  allowed  to  come  in  contact  with  it.  After  clarification, 
2  per  cent  glycerine  is  added,  the  reaction  is  adjusted  to  pH  7.2,  and 
the  medium  reheated.  It  is  then  distributed  in  potato  tubes,  sterilized 
in  the  iVrnold  and  slanted.  The  slants  should  be  laid  down  not  longer 
than  the  day  before  they  are  to  be  used. 

The  large  slants  of  this  medium  should  be  seeded  from  twenty- 
four  hour  growths  on  the  same  medium.  They  are  then  incubated 
for  from  twenty-four  to  forty-eight  hours.  In  preparing  the 
antigen  the  method  of  M.  A.  Wilson  (29)  was  followed.  The 
growth  was  well  washed  with  50  per  cent  and  then  95  per  cent 
alcohol,  being  allowed  to  stand  one-half  hour  with  each  in  a 
water  bath  at  37°C.,  with  frequent  shaking.  After  centrifuging, 
the  sediment  is  covered  with  ether  and  allowed  to  stand  at  room 
temperature  for  one-half  hour  with  frequent  stirring.  It  is 
then  centrifuged,  the  ether  decanted  off  and  the  sediment  placed 
over  night  in  a  dark  place.  The  dry  powder  is  then  emusified 
in  0.85  per  cent  saline  to  the  standard  density  and  the  proper 
dosage  determined.  It  should  then  be  heated  at  80°C.  for  one 
hour,  although  in  our  experiments  this  heating  was  omitted  as 
the  antigens  were  prepared  freshly  at  frequent  intervals.  The 
antigen  may  be  preserved  with  0.1  per  cent  phenol.  Antigen 
prepared  in  this  way  yielded  results  superior  to  those  obtained 
with  filtered  autolysates  or  with  an  antigen  prepared  according  to 
Thomson's  (30)  method. 

Gonococcic  sera.  Most  of  the  immune  sera  were  the  same  as 
those  used  in  the  agglutination  experiments  and,  for  the  most 
part,  had  been  preserved  for  a  longer  period  of  time.  They  were 
inactivated  shortly  before  each  test  was  performed. 
.  Complement.  The  sera  from  three  or  four  guinea-pigs  were 
pooled  and  preserved  by  freezing.  There  was  usually  little  or 
no  loss  in  potency  for  four  or  five  days.  Only  active  comple- 
ment, fixable  by  gonococcus,  was  used. 

Hemolytic  system.  The  anti-sheep  system  was  used.  One 
hemolytic  unit  of  complement  and  two  hemolytic  units  of  ambo- 
ceptor were  employed.  The  complement  was  titrated  imme- 
mediately  before  the  test  and  the  amboceptor  at  frequent 
intervals.     The  complement  unit  was  read  at  the  end  of  thirty 
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minutes  in  the  water-bath  at  37°C.  Washed  sheep  corpuscles 
in  a  2.5  per  cent  suspension  were  used,  and  the  amboceptor  and 
cells  added  separately. 

The  test.  The  total  volume  of  the  mixed  reagents  was  ad- 
justed to  2.5  cc.  One  unit  of  antigen  was  used  and  this  was 
determined  by  titration  with  a  polyvalent  gonococcic  serum 
or  one  with  generalized  affinities.  This  unit  was  the  smallest 
amount  of  antigen  which  caused  complete  fixation  of  comple- 
ment with  0.1  cc.  of  a  1:100  dilution  of  the  gonococcic  test 
serum.  The  antigen  was  diluted  so  that  this  unit  was  contained 
in  0.1  cc.  This  unit,  of  course,  was  always  less  than  one-half 
the  anti-complementary  dose  and  generally  much  less.  This 
titration  was  usually  made  just  before  the  fixation  tests  were 
started.  Controls  were  always  prepared  for  the  hemolytic  sys- 
tem, for  anti-complementary  action  of  the  immune  sera  and  also 
the  antigen,  and  also  for  the  stability  of  the  sheep  cells.  The 
tests  were  incubated  at  37°C.  for  the  usual  periods  and  readings 
made  at  the  end  of  one  hour-incubation  of  the  completed  test 
and  also  after  the  tubes  had  stood  over-night  in  the  ice-chest. 
The  last  reading  is  the  one  which  is  recorded.  In  accordance 
with  the  usual  custom,  the  symbol  4  indicates  complete  fixation ; 
3,  almost  complete  fixation;  2,  the  hemolysis  of  about  one-half 
the  cells;  and  1,  only  a  sUght  degree  of  fixation. 

COMPARATIVE   TESTS 

In  table  10  are  recorded  the  results  of  comparative  tests  of 
the  fixation  with  twenty-seven  monovalent  gonococcic  sera, 
with  a  polyvalent  sera  which  was  also  used  in  titrating  the  anti- 
gens, and  with  a  meningococcic  serum.  The  four  antigens  em- 
ployed in  these  tests  consisted  of  the  following  single  strains  or 
combinations  of  several  strains:  First,  strain  34;  second,  strains 
15,  18,  34  and  41;  third  the  ten  ''Torrey  strains;"  fourth,  strain 
42.  In  order  to  give  full  comparative  value  to  the  results,  the 
four  antigens  were  always  tested  on  a  given  serum  simultaneously 
and  thus  under  exactly  similar  conditions.  The  object,  as 
stated,  was  to  determine  whether  such  generalized  strains  as 
34  and  42  yielded  as  good  results  as  combinations  of  several 
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TABLE  10 

Complement  fixation  with  27  monovalent  and  1  polyvalent  gonococcic  sera  and  1  men- 
ingococcic  serum,  using  the  following  four  gonococcic  antigens:  (1)  Strain  34; 
(S)  Strains  15,  18,  34,  41;  (S)  Ten  "Torrey  strains";  (4)  Strain  42 


SERUM  STRAINS 

ANTI- 
GENS 

IMMUNE  SERA  DILUTIONS 

0.05 

0.01 

0.004 

0.002 

0.001 

0.00066 

0.0005 

0.00025 

0.000125 

1 

4 

3 

3 

3 

2 

1 

_ 

_ 

- 

2 

2 

3 

3 

2 

2 

1 

— 

_ 

- 

(246) 

3 

4 

3 

3 

2 

1 

- 

— 

4 

3 

3 

3 

3 

2 

— 

- 

— 

1 

4 

4 

4 

4 

3 

3 

2 

1 

5 

2 

4 

4 

4 

4 

3 

2 

_ 

_ 

(121) 

3 

4 

4 

4 

4 

3 

3 

2 

— 

4 

4 

3 

3 

2 

- 

- 

- 

- 

1 

4 

4 

3 

2 

_ 

_ 

_ 

_ 

7 

2 

4 

4 

4 

4 

2 

2 

1 

- 

(231) 

3 

3 

3 

3 

2 

— 

— 

— 

- 

4 

4 

4 

4 

4 

3 

3 

2 

1 

- 

1 

4 

4 

4 

4 

3 

3 

3 

1 

1 

8 

2 

4 

4 

4 

3 

3 

3 

2 

1 

— 

(243) 

3 

4 

4 

3 

3 

3 

_ 

— 

_ 

— 

- 

4 

4 

4 

4 

3 

3 

3 

2 

- 

- 

1 

4 

4 

4 

4 

3 

3 

2 

1 

_ 

11          J 

2 

3 

3 

3 

3 

2 

1 

1 

1 

_ 

(118) 

3 

3 

3 

3 

3 

2 

1 

1 

— 

- 

4 

4 

4 

4 

4 

3 

2 

2 

- 

- 

1 

4 

4 

3 

3 

3 

2 

1 

_ 

_ 

14          I 

2 

4 

4 

4 

3 

2 

1 

1 

_ 

_ 

(103) 

3 

4 

4 

3 

3 

3 

2 

2 

1 

1 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

1 

4 

4 

4 

4 

4 

4 

4 

3 

3 

15 

2 

4 

4 

4 

4 

4 

4 

3 

3 

1 

(104) 

3 

4 

4 

4 

4 

4 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

3 

3 

2 

2 

1 

3 

3 

3 

3 

2 

1 

_ 

_ 

_ 

16 

2 

3 

2 

1 

_ 

_ 

_ 

_ 

_ 

_ 

(87) 

3 

3 

3 

2 

1 

_ 

_ 

_ 

_ 

_ 

4 

3 

3 

1 

- 

- 

- 

- 

- 

- 

A   SEROLOGICAL   STUDY   OF   THE    GONOCOCCUS   GROUP       353 


TABLE  10— Continued 


SERUM  STRAINS 

ANTI- 
GENS 

IMMUNE  SERA  DILUTIONS 

0.05 

0.01 

0.004 

0.002 

0.001 

0.00066 

0.0005 

0.00025 

0.000125 

1 

3 

3 

1 

1 

1 

1 

1 

1 

1 

18 

2 

4 

4 

3 

3 

- 

- 

— 

_ 

_ 

(237) 

3 

4 

4 

3 

3 

2 

2 

1 

1 

1 

4 

4 

4 

3 

2 

- 

- 

- 

- 

- 

1 

4 

3 

3 

3 

2 

2 

1 

1 

19        < 

2 

4 

4 

3 

3 

1 

_ 

— 

_ 

_ 

(119) 

3 

4 

4 

3 

3 

2 

- 

- 

— 

_ 

4 

4 

4 

4 

3 

2 

- 

- 

~ 

- 

1 

4 

4 

4 

4 

3 

3 

3 

2 

2 

25 

2 

4 

4 

4 

4 

3 

3 

2 

2 

1 

(125) 

3 

4 

4 

4 

4 

3 

3 

3 

2 

_ 

4 

4 

4 

4 

4 

3 

3 

3 

- 

- 

1 

4 

4 

2 

_ 

_ 

_ 

_ 

_ 

27 

2 

3 

3 

1 

_ 

- 

_ 

_ 

_ 

_ 

(81) 

3 

3 

3 

- 

- 

_ 

— 

_ 

_ 

4 

3 

3 

3 

3 

2 

2 

— 

- 

- 

1 

1 

1 

1 

1 

1 

_ 

_ 

_ 

_ 

28 

2 

3 

2 

2 

- 

— 

_ 

_ 

_ 

_ 

(82) 

3 

4 

— 

1 

1 

- 

— 

— 

_ 

_ 

4 

4 

3 

3 

2 

2 

- 

- 

- 

- 

( 

1 

4 

4 

4 

3 

2 

1 

_ 

_ 

_ 

29 

2 

4 

3 

3 

3 

1 

1 

1 

1 

_ 

(236) 

3 

4 

3 

3 

3 

3 

2 

1 

1 

_ 

4 

4 

4 

4 

3 

2 

1 

- 

- 

- 

1 

4 

4 

4 

4 

4 

4 

3 

_ 

_ 

30 

2 

4 

3 

3 

3 

3 

2 

2 

1 

_ 

(117) 

3 

4 

4 

3 

3 

3 

2 

2 

1 

_ 

4 

4 

4 

4 

4 

3 

- 

- 

- 

- 

/ 

1 

4 

4 

4 

4 

4 

4 

4 

4 

4 

34 

2 

4 

4 

4 

4 

4 

1 

_ 

_ 

(128) 

3 

4 

4 

4 

4 

3 

2 

1 

_ 



4 

4 

4 

4 

3 

1 

- 

- 

- 

- 

1 

4 

4 

3 

3 

2 

1 

36 

2 

4 

4 

3 

2 

2 

2 

1 

_ 

_ 

(127) 

3 

4 

4 

4 

3 

3 

2 

2 

1 

_ 

4 

4 

4 

4 

4 

3 

- 

- 

- 

- 
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TABLE  10-Continued 


BERaM  STRAINS 

ANTI- 
GENS 

IMMDNK  SERA  DILUTIONS 

0   05 

0.01 

0.004 

0.002 

0.001 

0.00066 

0.0005 

0.00025 

3.000125 

1 

4 

4 

4 

4 

3 

3 

3 

3 

2 

38 

2 

4 

4 

3 

3 

3 

2 

- 

- 

- 

(105) 

3 

4 

4 

4 

4 

4 

3 

2 

1 

- 

4 

4 

3 

3 

3 

3 

3 

1 

— 

- 

1 

4 

3 

3 

3 

2 

1 

_ 

_ 

_ 

41 

2 

4 

4 

4 

4 

3 

3 

2 

2 

— 

(238) 

3 

4 

4 

3 

3 

2 

2 

1 

- 

- 

. 

4 

4 

4 

3 

3 

2 

2 

2 

- 

- 

1 

3 

3 

3 

2 

_ 

_ 

_ 

_ 

42 

2 

4 

3 

3 

2 

— 

— 

- 

- 

— 

(244) 

3 

4 

4 

3 

3 

1 

- 

— 

— 

— 

4 

3 

3 

3 

3 

3 

2 

2 

~ 

- 

1 

4 

4 

3 

3 

2 

_ 

_ 

_ 

_ 

49 

2 

4 

3 

2 

2 

- 

_ 

_ 

_ 

_ 

(129) 

3 

4 

3 

3 

3 

2 

- 

- 

— 

— 

. 

4 

4 

4 

4 

3 

- 

— 

— 

- 

— 

1 

1 

4 

4 

4 

4 

4 

3 

2 

1 

53 

2 

2 

4 

4 

4 

3 

3 

3 

2 

2 

(107) 

3 

2 

4 

4 

3 

3 

3 

3 

3 

3 

4 

- 

4 

4 

4 

4 

4 

3 

3 

1 

1 

4 

4 

4 

3 

3 

3 

3 

3 

1 

56 

2 

3 

3 

3 

3 

2 

2 

1 

1 

1 

(108) 

3 

4 

4 

4 

3 

- 

- 

- 

_ 

_ 

4 

4 

4 

3 

2 

1 

— 

— 

— 

— 

62 

1 
2 

- 

- 

- 

— 

- 

- 

- 

- 

— 

(234) 

3 

- 

- 

— 

- 

- 

— 

- 

- 

— 

4 

3 

3 

2 

2 

2 

2 

- 

- 

- 

1 

4 

4 

4 

4 

4 

4 

3 

3 

3 

64 

2 

3 

3 

3 

3 

2 

2 

1 

1 

1 

(239) 

3 

3 

2 

1 

- 

- 

- 

- 

- 

— 

4 

4 

4 

4 

4 

3 

3 

2 

2 

- 
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TABLE  10— Concluded 


ANTI- 
GENS 

IMMUNE  SERA  DILUTIONS 

0.05 

0.01 

0.004 

0.002 

0.001 

0.00066 

0.0005 

0.00025 

0.000125 

74        1 
(241) 

77 
(245) 

Polyvalent 
221 

Meningo- 
coccus 
(123) 

1 

2 
3 
4 

1 

2 
3 

4 

1 
2 

3 

4 

1 

2 

3 

4 

4 
1 

3 
4 

4 
4 
4 
4 

4 
4 
4 
4 

3 

2 
3 
3 

4 
2 
3 
3 

3 
3 

2 
3 

4 

4 
4 

2 
2 

2 

3 
3 

1 
1 

4 

4 
4 
4 

1 

1 

1 

3 

4 
4 
4 
4 

1 

4 
4 
4 
4 

1 

4 
3 
4 
4 

1 

- 

3 
3 
3 
3 

1 

3 
3 
3 
3 

2 

2 

3 
3 

strains.  The  second  combination  was  selected  as  these  four 
strains  seemed  at  the  time  to  be  fairly  representative  in  their 
affinities  of  our  series  of  gonococcus  cultures.  As  the  results 
show,  however,  they  failed  to  cover  the  variations  exhibited  by 
our  collection  of  strains. 

The  results  in  table  10  substantiate  fully  the  conclusion  which 
we  reached  as  the  basis  of  our  agglutination  experiments  that  our 
strains  34  and  42  are  both  m.arkedly  generalized  in  their  affinities. 
Further  it  appears  that  an  antigen  prepared  with  either  one  of 
them  yields  on  the  average  better  results  than  those  obtained  with 
the  combination  of  the  ten  ''Torrey  strains"  (antigen  3)  and  also 
than  with  the  four  strains  combined  in  antigen  2,  although  the 
latter  was  expected  to  exhibit  a  wider  range  of  affinities.  In 
the  case  of  no  serum  was  fixation  obtained  with  multiple  strain 
antigen  3  in  which  the  single  strain  antigens  1  or  4  failed ;  on  the 
other  hand  with  nine  sera  stronger  fixation  occurred  with  antigen 
1  than  with  antigen  3,  and  with  eleven  sera  stronger  with  4  than 
with  3. 
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In  view  of  the  above  results,  if  a  single  antigen  is  employed  for 
diagnostic  tests,  we  would  advise  using  either  strain  34  or  42 
alone,  or  perhaps  in  combination.  It  seems  very  questionable 
if  better  results  would  be  obtained  by  combining  a  large  number  of 
regular  and  irregular  strains  in  an  attempt  to  produce  a  poly- 
valent antigen.  In  the  first  place  it  is  questionable  if  such  an 
antigen  covering  all  the  probable  variants  could  be  prepared; 
and  in  the  second  place  when  a  large  number  of  strains  each 
with  more  or  less  limited  affinities  and  representative  of  an  equal 
number  of  so-called  types  are  combined  in  a  single  antigen, 
then  the  antigenic  elements  for  each  of  these  types  becomes  so 
diluted  that,  in  the  dosage  permissible,  the  effectiveness  for  each 
type  would  be  greatly  curtailed.  Perhaps  the  best  procedure 
would  be  to  use  two  separate  antigens  in  each  test ;  one  prepared 
with  one  or  two  representative  strains  with  generalized  affinities 
and  good  combining  qualities,  and  the  other  with  selected 
irregular  strains. 

Selected  strains  for  diagnostic  and  therapeutic  applications 

For  the  preparation  of  a  stock  vaccine  for  use  in  cases  for  which 
an  autogenous  vaccine  is  not  available,  we  would  recommend  a 
combination  of  our  strains  15,  34  and  41.  It  seems  probable, 
also,  that  these  strains  would  serve  as  well  as  any  in  connection 
with  the  production  of  a  curative  serum. 

Strains  15  and  41  in  combination  may  be  used  to  advantage 
in  the  production  of  an  agglutinating  serum  with  wide  affinities 
which  might  prove  helpful  in  the  identification  of  gonococci. 

For  the  preparation  of  an  antigen  for  complement  fixation 
we  advise  the  use  of  our  strains  34  and  42.  This  antigen  should 
exhibit  generalized  and  strong  fixation  properties  and  prove 
effective  except  in  the  case  of  the  relatively  few  infections  due  to 
certain  irregular  strains  of  the  gonococcus.  With  sera  giving 
negative  results  with  this  antigen  it  would  seem  advisable  to 
conduct  a  test  with  an  antigen  prepared  from  a  combination  of 
irregular  strains  such  as  16,  22,  28,  41,  49,  62  and  77  before  giving 
a  negative  report.  Without  doubt  at  times  inconsistencies  be- 
tween the  results  obtained  with  this  complement  fixation  test 
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and  clinical  and  bacteriological  findings  have  been  due  to  the 
fact  that  the  infecting  strain  was  immunologically  unrelated  to 
those  used  in  the  antigen.  Through  the  use  of  these  two  antigens 
we  believe  the  chance  of  this  occurring  is  considerably  lessened, 
but  even  so  no  definite  assurance  may  be  offered  that  one  or 
the  other  would  combine  with  the  antibodies  produced  by  all 
possible  variants  of  the  gonococcus. 

SUMMARY 

1.  An  analysis  by  agglutinin  absorption  methods  of  the  serolog- 
ical relationships  of  seventy-seven  gonococcus  strains,  isolated 
from  cases  of  acute  and  chronic  gonorrhea  and  its  complications, 
indicated  that  they  may  not  be  distributed  among  a  number  of 
clear-cut  immunological  types.  These  gonococcus  strains  were 
representative  of  those  occurring  in  widely  separated  geographical 
localities. 

2.  Although  this  investigation  has  not  demonstrated  the  ex- 
istence of  distinct  immunological  types  to  each  of  which  a  con- 
siderable number  of  gonococcus  strains  might  be  referred,  it 
was  found  feasible  to  classify  our  strains  under  the  three  general 
headings  of  (a)  regular,  (b)  intermediate  and  (c)  irregular  strains. 

3.  Evidence  is  submitted  which  indicates  the  existence  of  a 
marked  tendency  to  antigenic  lability  on  the  part  of  the  gonococ- 
cus. We  believe  that  instability  of  antigenic  constitution  is  a 
general  characteristic  of  the  gonococcus  group  and  that  the 
strains  exhibiting  this  tendency  may  not  logically  be  segregated 
in  one  particular  type,  as  has  been  suggested  by  Hermanies. 

4.  Among  our  regular  strains,  we  have  found  certain  ones  which 
are  highly  generalized  from  the  antigenic  standpoint,  and  which 
appear  to  be  representative  of  a  large  part  of  the  gonococcus 
group. 

5.  Cross  absorption  experiments  have  indicated  clearly  that  no 
definite  serological  distinction  may  be  drawn  between  strains 
isolated  from  vulvovaginitis  cases  in  children  and  those  from 
gonorrheal  infections  in  adults. 

6.  A  few  representative  strains  with  generalized  relationships 
and  good  antigenic  properties  have  been  designated  as  suitable 
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for  use  in  a  stock  vaccine,  and  also  for  the  preparation  of  a  poly- 
valent antiserum. 

7.  A  marked  degree  of  correspondence  was  noted  between 
strain  affinities  as  revealed  by  agglutinin  absorption  and  com- 
plement fixation  tests. 

8.  Two  strains  of  gonococcus  have  been  selected,  each  of  which 
covers  a  large  part  of  the  group,  and  which  may  be  used  to  ad- 
vantage in  preparing  an  antigen  for  complement  fixation  diag- 
nostic tests.  It  is  also  suggested  that  a  second  antigen,  prepared 
from  a  number  of  selected  irregular  strains,  be  employed  in 
conjunction  with  the  one  prepared  from  the  two  generalized 
strains. 

9.  By  the  use  of  the  simple  sterilizable  media,  which  have  been 
described,  these  strains  may  be  carried  in  laboratories  with  limited 
bactrieological  facilities  and  the  antigens  prepared  quickly,  when- 
ever required. 
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CULTURAL     METHODS     FOR     THE     GONOCOCCUS  * 
John     C.     T  o  r  k  e  v     and     G  k  o  r  g  e    T.     B  u  c  k  e  l  i. 

From   the   Department    of   Hygiene,    Cornell    University   Medical    College,    New    York   City 

In  connection  with  a  serologic  study  ^  of  the  gonococcus  it  was  neces- 
sary for  us  to  devise  methods  and  mediums  whereby  this  organism  might 
be  isolated  readily  from  gonorrheal  infections,  and  also  a  large  collection 
of  strains  might  be  maintained  with  a  minimal  risk  of  any  of  them 
being  lost.  The  difficulties  inherent  in  the  cultivation  of  the  gonococcus 
are  evidenced  by  the  great  variety  of  mediums  and  procedures  which 
have  been  recommended  for  this  purpose,  especially  within  recent  years. 
At  present  there  seems  to  be  no  consensus  of  opinion  as  regards  the 
best  methods  to  use.  In  the  following  section  certain  simple  mediums  are 
described  which  have  given  good  results  consistently  in  connection  with 
the  various  purposes  specified.  It  may  be  remarked  that  through  the 
use  of  a  sterilizable  medium  of  proper  reaction  hardly  greater  difficulty 
has  been  encountered  in  maintaining  a  large  collection  of  gonococcus 
strains  than  would  be  associated  with  carrying  a  like  number  of  typhoid 
strains. 

In  another  article  -  are  reported  the  results  obtained  through  the 
application  of  these  methods  to  the  isolation  of  gonococcus  strains  from 
cases  of  mild  chronic  gonorrhea  in  women,  together  with  a  compara- 
tive study  of  the  relative  value  of  the  cultural,  complement-fixation 
and  smear  methods  of  diagnosis  of  such  cases. 


As  a  matter  of  convenience,  the  mode  of  preparation  of  certain  of 
the  mediums  employed  in  these  experiments  will  be  described  here, 
leaving  the  discussion  of  their  uses  and  particular  advantages  to  sub- 
sequent sections. 

A.  Ascitic-veal-urine-glycerol-agar.  This  plating  medium,  especially 
when  combined  with  the  dye,  iodin-green.  was  found  eft'ective  in  the 
isolation  of  the  gonococcus.  The  Thalmann  ■''  method  of  preparation 
has  been  followed  to  some  extent,  but  the  formula  has  been  materially 
modified. 
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Place  1,250  gm.  of  fresh,  chopped,  fat-free  veal  and  2  liters  of  distilled 
water  in  a  pot  and  bring  slowly  to  a  boil,  allowing  it  to  simmer  for  20  minutes, 
with  occasional  stirring.  Strain  through  cotton  flannel,  cool  and  remove  the 
fat.  Place  in  a  double  boiler  over  a  saturated  brine  bath  and  raise  the  tempera- 
ture to  about  60  C.  Add  20  gm.  of  peptone  (Difco  used),  40  c  c  normal,  fresh 
urine,  10  gm.  NaCl,  40  c  c  glycerol  and  36  gm.  flaked  agar.  Allow  this  to  boil 
for  45  minutes  and  then  adjust  the  reaction  to  Ph  6.9,  using  10%  sodium 
carbonate,  and  boil  for  30  minutes  longer.  Remove  from  the  brine  bath ;  make 
up  loss  from  evaporation  to  2  liters  with  distilled  water.  Filter  through  canton 
flannel  and  tube  in  10  c  c  amounts.  Autoclave  at  about  12  lbs.  pressure  for 
10  minutes. 

In  preparing  the  plates,  5  c  c  of  ascitic  fluid,  free  from  liile,  and  0.5  c  c  of 
a  1  :  3,000  dilution  of  iodin-green  (Griibler)  are  added  to  each  tube  of  melted 
medium,  just  before  pouring.  The  final  reaction  is  generally  about  Pn  7.2. 
It  should  not  be  more  alkaline  than  this. 

If  to  be  used  in  slants,  the  amount  of  agar  is  increased  to  40  gm. 

The  following  mediums  contain  a  growth  acces.sory  principle.  They 
are  modifications  of  the  "hormone"  mediums,  described  by  Huntoon,'* 
and  have  been  found  very  useful  for  the  purposes  specified.  As  beef 
heart  constitutes  the  meat  element,  they  may  l)e  prepared  at  slight 
expense. 

B.  Ascitic,  salt-free,  1.5%  peptone,  "vitamine"  agar.  This  medium 
has  been  employed  in  connection  with  the  isolation  of  the  gonococcus. 

Five  hundred  gm.  of  fresh,  chopped  beef  heart,  free  from  fat  (the  beef 
heart  meat  should  preferably  be  obtained  directly  from  the  slaughter  house), 
one  whole  egg  and  1  liter  of  distilled  water  are  placed  in  a  double  boiler  over 
a  free  flame  and  the  temperature  maintained  at  60  C,  with  constant  stirring,  for 
5  minutes.  Fifteen  gm.  of  peptone  (.Difco)  and  18  gm.  of  flaked  agar  are  now 
added  and  the  temperature  raised  until  the  mixture  assumes  a  brownish  color. 
The  medium  is  then  made  slightly  alkaline  to  litmus,  using  a  10%  solution  of 
sodium  carbonate.  It  is  next  placed  in  a  flask,  or  preferably  a  coffee  pot,  and 
heated  at  1(X)  C.  in  the  Arnold  steam  sterilizer  for  1  hour.  The  clot  is  then 
separated  from  the  sides  of  the  receptacle,  and  it  is  replaced  in  the  sterilizer 
for  another  hour.  It  may  be  cleared  by  centrifuging  or  by  straining  through  a 
fine  wire  mesh  and  then  through  glass  wool.  A  clear  medium  may  often  be 
obtained  if  the  meat  residue  is  deposited  on  the  glass  wool  in  a  funnel  and 
the  fluid  portion  allowed  to  percolate  through  several  times.  As  Huntoon  has 
stipulated,  neither  cloth,  cotton  nor  any  other  material  with  absorptive  prop- 
erties should  be  used  in  clarifying  the  medium.  After  filtration,  the  reaction 
is  brought  to  Ph  6.8.  It  is  then  reheated  and  tubed  in  10  c  c  amounts.  It  may 
be  sterilized  in  the  autoclave  at  12  lbs.  pressure  for  10  minutes,  but  fractional 
sterilization  at  100  C.  flowing  steam  is  prefcralile.  In  preparing  the  plates. 
5  cc  of  ascitic  fluid  is  added  to  eacli  tube  of  melted  medium,  just  before 
pouring. 

A  modification  of  this  medium,  prepared  without  ascitic  or  other 
serous  fluid  and  which  has  been  found  useful  in  obtaining  growths 
for  complement-fixation  tests,  is  described  elsewhere.^ 

*  Jovir.  Infect.  Dis.,   1918.  2^,  p.  169. 
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C.  A  semi-solid  agar  with  a  growth  accessory  element  (Huntoon). 
This  medium,  willmut  the  addition  of  ascitic  fluid,  has  been  found  use- 
ful for  maintaining  our  collection  of  stock  strains.  Even  the  most 
delicate  strains  of  gonococcus  have  remained  viable  for  3  to  4  weeks 
without  replanting,  and  the  majority  have  lived  for  periods  of  6  to 
8  weeks  or  even  longer,  if  kept  at  ^7  C.  The  ingredients  of  this  medium 
are  the  same  as  those  stated  in  the  formula  of  Huntoon. 

Distilled  water   1000  c  c 

Fresh  chopped  beef  heart 500  gm. 

Peptone     10  gm. 

XaCl    5  gm. 

One  whole  egg 

The  same  procedures  are  followed  as  in  the  preparation  of  medium 
B,  and  the  final  reaction  is  adjusted  to  Ph  6.8.  This  medium  is  tubed 
in  about  7  cc  amounts  and  is  preferably  sterilized  in  the  Arnold  steri- 
lizer. The  method  of  inoculating  and  the  uses  for  this  medium  will 
be  described.  If  ascitic  fluid  to  the  amount  of  about  1  cc  per  tube  is 
added,  the  medium  may  be  employed  in  connection  with  primary  fish- 
ings of  gonococcus  colonies.  It  may  also  be  used  advantageously  in 
the  rejuvenation  of  delicate  strains  and  in  the  recovery  of  old  stock 
strains  which  have  apparently  died  out. 

CoNniTioNs  Favoring  Maximal  Growth  of  thf  Gonococcus 

Cole  and  Lloyd ''  in  their  analysis  of  the  cultural  requirements  of  the 
gonococcus.  determined  that  there  are  three  factors  of  prime  importance :  first, 
the  concentration  of  the  hydrogen  ions,  or  the  reaction ;  second,  the  con- 
centration of  amino  acids;  and  third,  the  presence  of  certain  growth  stimulating 
hormones  or  vitamines.  The  following  paragraphs  contain  a  report  of  our 
experiments  on  the  effect  of  these  various  factors  on  the  growth  of  this 
organism. 

Reaction. — Cole  and  Lloyd  reported  the  mean  optimal  reaction  for  growth 
as  Ph  7.6,  with  a  possible  range  of  hydrogen-ion  concentration  between  6.5 
and  8.6.  They  also  stated  that  with  relatively  simple  (unfavorable)  mediums 
the  reaction  is  of  great  importance,  whereas  in  mediums  containing  a  growth 
stimulating  substance,  a  wide  reaction  range  is  compatible  with  good  growth. 
Our  findings  agree  in  general  with  these  statements,  although  our  point  of 
optimal  growth  is  nearer  neutrality.  This  lack  of  conformity  as  regards  the 
optimal  point  may  be  due  in  part  to  the  use  of  different  standards  for 
determining  the  H-ion  concentration.  We  have  used  the  colorimeter  methods 
of  Clark  and  Lubs,"  employing  standard  buffer  solutions  prepared  according 
to  their  directions  and  which  were,  in  turn,  checked  with  solutions  prepared 
in  several  other  laboratories.    They  employed,  on  the  other  hand,  the  standards 

5  Jour.   Path.   &  Bacteriol..   1916-17,  21.   p.   269. 
«  Jour.   Bacteriol.,   1917.  2,  p.    1. 
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of  Cole  and  Onslow."  Warden,"  several  years  ago,  emphasized  the  importance 
of  a  slightly  acid  (+0.7  to  1.5  to  phenolphthalein)  reaction  in  mediums  for 
the  successful  cultivation  of  the  gonococcus.  It  is  also  our  opinion  that  most 
investigators  have  employed  mediums  with  a  somewhat  too  alkaline  reaction. 
Swartz"  has  recently  reported  successful  growth  on  an  ascitic  agar  medium  with 
a  Il-ion  range  from  6.5  to  8,  if  this  organism  is  cultivated  under  conditions 
of  partial  oxygen  tension.  Erickson  and  Albert,"  using  a  beef  testicular  agar 
enriched  with  blood,  found  that  the  optimal  reaction  lay  between  P^  7.4  and  7.6. 

\\  ilh  (lur  medium  A,  enriched  with  ascitic  fltiid,  we  have  found 
that  good  growth  may  be  obtained  with  a  reaction  ranging  from  about 
Ph  6.6  to  7.4,  but  if  this  medium  is  used  without  ascitic  fiuid  the  range 
is  still  more  restricted  toward  the  neutral  point.  With  agar  medium 
containing  a  growth  accessory  principle,  a  much  greater  latitude  in 
reaction  is  permissible.  The  semisolid  medium  C  has  produced  growth 
within  a  reaction  range  of  from  Ph  5.8  to  8.2,  with  an  optimal  zone 
between  6.4  and  7 .7 . 

In  table  1  are  given  both  the  degrees  of  growth  at  various  H-  ion 
concentrations  with  a  stock  strain  of  gonococcus,  long  under  cultivation, 
and  the  remarkable  period  of  viability  observed  in  the  lots  of  the 
medium  with  the  more  acid  reaction.  In  this  experiment  10  tubes  of 
semisolid  vitamine  agar  (C)  of  each  reaction  were  seeded  with  gono- 
coccus strain  ZZ ;  the  tubes  were  sealed  with  paraffin  and  kept  at 
36-37  C.  From  time  to  time  replants  were  made  into  this  medium  C, 
which  had  been  enriched  with  ascitic  fluid,  or  on  ascitic  agar  slants. 
With  so  many  of  the  original  cultures  to  choose  from  in  testing  for 
viability,  it  was  possilile  to  plant  either  from  a  hitherto  unopened  tube 
or,  at  least,  from  an  undisturbed  part  of  the  original  growth  in  a  tube 
which  had  been  opened  before.  As  table  1  indicates,  a  tube  with  an 
initial  reaction  of  Ph  6.3  still  held  viable  organisms  after  the  lapse  of 
a  year.  With  this  particular  strain,  too,  successful  growths  were 
obtained  for  far  longer  periods  from  the  tubes  on  the  acid  side  of 
neutrality  than  from  those  on  the  alkaline.  It  should  be  noted,  how- 
ever, that  the  initial  reactions  did  not  remain  constant,  but  that  the 
gonococcus  growth  caused  a  gradual  change  in  the  direction  of  alka- 
linity. On  replanting  from  tubes  which  had  been  kept  several  months, 
the  gonococcus  colonies  developed  very  slowly,  no  growth  frequently 
appearing  for  3  or  4  days.     Cole  and  Lloyd  ^  have  also  reported  long 

'  Lancet,  1916,  2,  p.  9. 

8  Jour.  Infect.  Dis.,  1913,  12,  p.  93. 

9  Jour.  Urol.,  1920,  4,  p.  325. 

w  Jour.  Infect.  Dis.,  1922,  30,  p.  269. 
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viability  periods  for  gonococcus  when  growing  in  slal)  culture  in  their 
2%  tryptamine  blood  agar  with  an  H-  ion  concentration  of  about  7.6, 
some  of  their  strains  surviving  from  67  days  to  5Vi.  months.  Morax  ^^ 
found  that  ascitic  agar  stab  cultures  might  retain  their  viability  for 
6  months.  Warden,^  using  an  artificial  serum  fluid  medium,  found 
that  successful  transplantation  could  be  made  after  100  days. 

As  the  gonococcus  surviving  for  one  year  without  replanting  was 
from  an  old  stock  strain  and  probably  an  unusually  hardy  one,  a 
number  of  similar  tests  were  conducted  with  recently  isolated  strains 
(table  2).  As  may  be  noted,  the  reaction  of  the  medium,  optimal  for 
growth,  was  close  to  the  neutral  point.  As  regards  the  relation  of 
reaction  to  viability,  the  tests  with  these  strains  yielded  rather  irregular 
results  but,  on  the  whole,  at  the  periods  of  replanting  a  greater  num- 

table    1 

Relation    of    Growth    to    Various    Reactions    and    the    Relative    Periods    of    Viability 
AT    Various    Reactions.       Unenriched     Semisolid    Medium    C 


H-ion  Con- 
centration 
of  Medium 


Degrees 

of 
Growtli 


Viability  Tests: 
Replants  in  Weeks  After  Primary  Cultures 


3 

4 

S 

9 

16 

22 

29 

42 

46 

52 

5.4 
5.8 
6.3 
0.8 
7.4 
T.8 
8.4 

+  + 
+  +  + 
+  +  + 
-f +  -r 

+  + 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
4- 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 

4- 
+ 

+ 
+ 

+ 
+ 

- 

ber  of  cocci  were  found  viable  in  the  tubes  with  a  slight  degree  of 
acidity  than  in  those  with  the  more  alkaline  reaction.  A  difference 
in  the  character  of  the  growth  in  relation  to  the  reaction  was  also 
noted  in  connection  with  all  the  strains.  After  about  a  week's  incu- 
bation, the  growth  on  the  slightly  acid  to  neutral  medium  became 
thick,  soft  and  slightly  buff-colored,  whereas  on  the  alkaline  side  of 
neutrality  it  was  thinner,  white  and  generally  drier  in  appearance. 
These  differences  were  also  noted  by  Cole  and  Lloyd.  They  observed, 
too,  that  autolysis  apparently  proceeds  more  rapidly  on  mediums  more 
alkaline  than  that  considered  the  mean  optimum.  Our  observations 
add  confirmation  to  this  conclusion. 

As  to  the  relation  of  the  reaction  of  the  medium  to  viability,  the 
tests   with   these   strains  yielded   rather  irregular   results  but,   on  the 

II  Ann.   de   I'lnst.    Pasteur,    1918,   32,   p.   471. 
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whole,  at  the  times  of  replanting  a  greater  number  of  cocci  were  found 
viable  in  the  slightly  acid  tubes  than  in  those  with  the  more  alkaline 
reaction. 

These  periods  of  viability  (table  2),  which  are  by  no  means  the 
limits  for  even  these  delicate  strains,  contrast  strongly  with  those 
obtained  by  others  on  slants  of  solid  medium.  Swartz  ^°  has  reported 
a  viability  period  of  7  to  10  days  on  slants  of  his  ascitic  agar  medium 
and  Cook  and  Stafford  ^^  of  only  8  days  with  slants  of  their  enriched 

TABLE     2 

Relation    of   Various    Reactions    to    the    Growth    of    Recently    Isolated    Gonococcus 

Strains   and   Relation   of   Reaction   to   Viability  * 


H-ion 

Relative 

Degrees  of  Growth, 

Tests 

for  Viability:    Colony 

Con- 

Gonococcus Strains 

Development  from  One  Loop 

centra- 
tion 

28      1      66 

70            74      ,      75            76 

of  Me- 

^8 

68 

66 

67  !    70 
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75 

76 

30  Days 
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dium 

1 

6.0 

■1 

1 

1 

2 

0 

0 

2 

0 
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ous 

— 

— 

00 

— 

6.4 

3 

3 

2 

2 

0 

1 

3 

1 

00 

0 

— 

Few 

00 

00 

6.8 

3 

3 

^ 

^ 

^ 

1 

^ 

1 

0 

0 
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numer- 
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ous 
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numer- 
ous 

00 

7.3 

3 

^ 

3 

2 

2 

1 

- 

2 

0 

0 
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0 

00 
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7.7 

2 

1 

2 

1 

1 

2 

1 

0 

Fairly 
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ous 
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Numer- 
ous 
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ous 

8.0 

2 

1 

1 

0 

0 

1 

1 

Fairly 
numer- 

0 

— 

— 

Fairly 
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Fairly 
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8.2 

1 

1 

1 

1 

0 

0 

0 

0 

0       1        0 

— 

— 

— 

— 

8.6 

0 

0 

0 

0 

... 

... 

~ 

~ 

-      - 

Strains  75,  76:  third   generation  from  isolation. 

Strain  74:  fourth  generation  from  isolation. 

Strains  63,  66,   70:   fifth   generation  from  isolation. 

Strain  28:    very  delicate   strain. 

*  Primary  plants  were  made  on  semisolid  agar  (C)  and  tubes  sealed  with  paraffin. 
Replants  for  viability  were  made  on  ascitic  agar  slants,  using  one  uniform  loop  of  the 
primary  culture. 

testicular  agar,  and  no  recoverable  growth  after  3  days  with  stab  cul- 
tures. Hermanies,^^  however,  using  salt-free  ascitic  agar  slants,  about 
neutral  to  litmus,  found  that  some  of  his  strains  would  live  for  weeks 
or  even  months  without  transplanting. 

Amino  Acids. — Cole  and  Lloyd  have  emphasized  the  important 
influence  of  amino  acids  on  the  development  of  the  gonococcus,  espe- 
cially in  the  presence  of  "growth  hormones."  Their  amino  acids  were 
obtained  by  a  tryptic  digestion  of  casein  and  the  product  was  desig- 

12  Jour.   Infect.  Dis.,  1921,  29,   p.  561. 
«s  Ibid.,  1921,  28.  p.   133. 
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nated  "tryptamine."  In  experiments  bearing  on  this  point  we  have 
used  preparations  from  liver,  casein  and  beef  in  which  the  amino  acids 
constituted  from  65  to  75%  of  the  total  nitrogen.^*  These  products 
were  used  in  1%  amounts  in  place  of  peptone  in  preparing  the  semi- 
solid medium  C,  and  the  growth  and  viability  on  these  mediums  were 
compared  with  that  on  the  medium  prepared  with  peptone,  but  other- 
wise identical.  It  was  not  found  that  these  mediums,  unusually  rich 
in  amino  acids,  produced  a  greater  or  a  quicker  growth ;  in  fact,  with 
some  strains  the  results  were  inferior  to  those  obtained  with  the  i)ep- 
tone  medium.  Accordingly  it  was  concluded  that  the  peptone  ^'^  used, 
especially  if  employed  in  a  concentration  of  1.5%,  contained  sufficient 
amino  acids  to  effect  the  optimal  development  of  the  gonococcus.  In 
fact,  M'Leod  and  Wyon  ^''  recentl}-  reported  that  high  concentrations 
of  amino  acids  readily  inhibit  the  growth  of  such  organisms  as  pneu- 
mococci,  meningococci  and  hemolytic  streptococci. 

Growth  Stimulating  Substances. — A  third  factor,  considered  by 
Cole  and  Lloyd  of  primary  importance  in  the  cultivation  of  the  gono- 
coccus. are  two  dift'erent  growth  stimulating  substances,  present  in  fresh 
blood  and  other  materials,  which  were  designated  as  "growth 
hormones."  Tne  substance  of  importance  in  inducing  initial  growth 
was  considered  a  derivative  of  red  blood  cells  and  was  shown  to  be 
readily  absorbable  by  colloidal  substances,  such  as  agar  and  gelatin,  and 
also  by  materials  ordinarily  used  in  clarifying  mediums.  The  second 
substance,  present  in  animal  and  plant  tissues,  was  relatively  non- 
absorbable, and  was  thought  to  stimulate  luxuriant  secondary  growth. 
The  first  substance  was  considered  to  be  of  the  same  nature  as  vitamines 
or  hormones  because  of  the  ease  with  which  it  was  absorbed.  As  the 
term,  vitamine,  w^ould  seem  to  be  a  rather  more  appropriate  designa- 
tion for  the  substance  stimulating  primary  growth,  it  will  be  employed 
hereafter. 

Huntoon.**  utilizing  these  principles  of  Cole  and  Lloyd,  has  described 
simpler  methods  for  preparing  these  vitamine  mediums.  Instead  of 
blood,  beef  heart  or  steak  was  employed  with  the  idea  that  these  tis- 
sues would  provide  sufficient  of  the  growth  accessory  substances, 
especially  when  fortified  with  a  whole  egg.  We  have  found  mediums  of 
this  type  useful  in  our  work  with  the  gonococcus.  and  have  followed 

'*  Prepared  by  the  Arlington    Chemical   Co. 

'■'   Different   lots   of  this   pepton'   have   varied   somi  what    in    efficiency    as  growth    producers, 
but   only   one   sample   was   encountered    which   cruld    not   be    used. 
'"  Jour.   Path.    &   Bacteriol.,    1921,  24,   p.   205. 
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Huntoon's  methods  with  certain  modifications  in  the  adjustment  of  the 
reaction,  the  amount  of  peptone  and  the  use  of  salt.  Beef  hearts  have 
been  used  entirely  as  the  meat  base,  and  it  has  been  deemed  important 
to  obtain  them  as  fresh  as  possible.  In  all  probability  the  primary 
growth  stimulating  substance  is  derived  mostly  from  the  blood  con- 
lent  of  the  meat  and  in  minor  degree  from,  the  tissues. 

The  desirability  of  limiting  the  degree  and  duration  of  heating  in 
the  preparation  of  mediums  of  this  type  was  emphasized  by  Huntoon 
on  the  supposition  that  the  growth  stimulating  substances  are  to  some 
degree  heat  labile.  Thjotta  and  Avery,"  in  a  careful  analysis  of  the 
properties  of  the  growth  accessory  substances  essential  for  the  cultiva- 
tion of  the  hemophilic  bacilli,  determined  that  their  V  factor,  derivable 
from  blood  and  from  yeast  and  other  vegetable  cells,  was  not  impaired 
appreciably  by  boiling  for  10  minutes,  but  their  potency  was  greatly 
impaired  by  exposure  in  the  autoclave  to  120  C.  for  30  minutes.  In 
the  preparation  of  these  vitamine  mediums  for  the  gonococcus,  it  has 
been  necessary  to  apply  a  boiling  temperature  for  far  longer  periods 
than  that  specified  by  Thjotta  and  Avery  as  a  safe  limit.  There  can 
be  no  doubt,  however,  that  the  growth  stimulating  substances  for  the 
gonococcus  survive  this  rather  prolonged  exposure  to  100  C.  in  suf- 
ficient amount  and  degree  to  influence  its  development  very  favorably. 
That  this  is  the  case  is  shown  by  the  experiments  of  Cole  and  Lloyd 
and  also  by  our  own  results.  The  question  arose,  however,  as  to 
whether  these  growth  accessory  substances  would  resist  the  higher 
temperature  of  the  autoclave.  In  order  to  test  the  efl:ect  of  this  heat 
factor  a  number  of  the  most  delicate  strains  in  our  collection  were 
seeded  on  a  particular  lot  of  the  semisolid  vitamine  agar  (C)  the 
several  portions  of  which  were  subjected  to  the  various  degrees  and 
durations  of  heating,  as  shown  in  table  3.  Under  column  B  of  this 
table  there  is  also  demonstrated  the  adsorptive  action  of  flannel  and 
cotton  on  these  accessory  growth  substances.  Thjotta  and  Avery  also 
found  that  their  V  factor,  essential  to  the  growth  of  B.  influenzae, 
was  readily  adsorbed  by  bone  charcoal. 

The  results  reported  in  table  3  indicate  that  the  growth  stimulating 
substance  in  this  medium  is  slightly  impaired  by  the  autoclave  tempera- 
ture of  120  C.  for  5  minutes  and  seriously  injured  by  a  temperature 
of  120  C.  for  30  minutes,  and  also  by  prolonged  heating  in  the  Arnold 
sterilizer.     In  estimating  the  degree  of  injury  the  results  with  lots  A 

"  Jour.    Exper.    Med.,    1921,   34,    p.   97. 
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and  B  serve  as  good  comparates ;  in  the  former  the  medium  exhibits 
its  maximal  efficiency,  whereas  from  the  latter  the  growth  stimulating 
element  has  been  in  large  degree  removed  by  filtration  through  absorb- 
ing substances. 

Moisture. — It  has  long  been  realized  that  the  gonococcus  will  not 
grow  well  on  solid  mediums  from  which  the  initial  moisture  has  largely 
dried  out.  Only  recently,  however,  has  the  importance  of  a  moist  air 
in  the  incubator  been  appreciated.  Jenkins  ^^  has  reported  that  a  moist 
atmosphere,  obtained  by  placing  a  large  dish  of  water  in  the  incubator, 
materially    accelerates    the    growth    of    the    gonococcus.      Cook    and 

TABLE     3 

The    Effect    of    Filtration    and    of    Different    Degrees    and    Periods    of    Heating    on 
THE    Growth    Stimulating    Principle    of    Agar    Medium    C  * 


Gonococcus 
Strains 


3        j       12       ,        3  12 

Days      Days       Days       Days 


Days   I   Days       Days   |   Days    ,   Days   ,   Days 


40 
54 

41 

34 

+  + 

+  +  +  + 
+ 
+  +  + 
+  +  +  + 
+  +  +  + 

XX  \  - 

++++;  — 

+t+|  = 
++++,  ++ 
++++++++ 

—  +   ++  +++  ++++ 

—  ++  '  +++  1  +++  +++ 

+  +  +  +   +   '  ++    +4-  I  +  +  +  + 
+  +  +  +  .  +  +  +  +  +  +  +  +  +  +  +  +  J  +  +  +  + 

_     _ 

+  +    +  + 

+     +  + 
++   ++++ 
+  +  '  +  +  +  + 

-f.   +  +  ,   +  +  +  .   +  +  +  +   indicate  degrees  of  growth. 

*  Different  portions  of  one  lot  of  this  semisolid  medium  treated  as   follows: 

Lot  A:  Filtered  through  glass  wool  and  heated  at  100  C.  in  the  Arnold  Sterilizer  for  20 
minutes   on  3   consecutive  days. 

Lot  B:   Filtered  twice  through  flannel  and  absorbent  cotton  and  sterilized  as  A. 

Lot  C:  Filtered  through  glass  wool  and  heated  in  the  Arnold  sterilizer  for  2  hours  on  each 
of  3  consecutive  days. 

Lot  D:   Filtered  as  for  C  and  heated  in  the  autoclave  at  120   C.  for   5  minutes. 

Lot  E:   Filtered  as  for  C,  and  heated   in   the  autoclave  at   120   C.   for   30  minutes. 

The  H-ion  concentrations  of  these  several  lots  after  final  sterilization  ranged  from  Ph  6.5 
to   7.0   (within   the   zone  of  optimum   growth). 

Tubes  of  these  several  lots  were  seeded  with  one  loop  each  of  a  saline  suspension  (about 
3  billion   strength)    of  gonococci.      Strains    3,   40,   54,   69,   27   were   of   the    delicate   type. 

Stafford  ^^  found  that  the  best  growths  resulted  when  the  culture  tubes 
were  placed  in  closed  jars  containing  water  and  that  placing  a  pan  of 
water  in  the  incubator  was  not  sufficient.  It  has  been  our  experience 
that  a  large  bowl  or  pan  of  water  (about  10  inches  in  diameter)  pro- 
vides enough  moisture  for  the  ordinary  sized  incubator.  There  can 
be  no  doubt  that  the  presence  of  such  a  moist  atmosphere  is  a  matter 
of  prime  importance,  especially  in  obtaining  primary  growth  from 
infected  material.  It  acts  as  a  marked  accelerator  of  growth  ;  colonies 
appear  several  hours  earlier  on  the  plates  and  in  greater  number  than 


'8  Jour.    Bacteriol.    &   Pa 


I,   24.   p.    16a. 
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when  incubated  without  special  provision  for  moisture ;  in  fact,  there 
may  be  no  growth  at  all  in  the  presence  of  the  ordinary  dry  air  of  the 
incubator. 

As  regards  the  physical  state  of  solid  medium,  we  have  found  that 
the  best  results  are  obtained  when  it  is  moderately  moist  and  firm.  For 
slants,  after  the  proper  amount  of  ascitic  fluid  has  been  added,  the  agar 
content  should  amount  to  about  1.5%  and  for  plates  rather  less  than 
that.  Hall  "  has  advised  a  hard,  firm  surface,  free  from  excessive 
moisture,  for  optimal  growth,  but  we  believe  that  a  very  firm  surface, 
such  as  is  obtained  with  2.5%  agar,  is  decidedly  unfavorable.  Ascitic 
agar  slants  should  be  prepared  the  day  before  they  are  to  be  used  and 
should  generally  be  allowed  to  drain  for  an  hour  in  the  incubator  before 
seeding.  Culture  plates  should  be  poured  several  hours  before  they 
are  to  be  streaked,  or,  if  the  medium  has  its  full  quota  of  moisture,  may 
be  prepared  the  day  before. 

Reduced  Oxygen  Tension. — Within  recent  years  a  number  of 
investigators  have  advocated  a  reduced  oxygen  tension  atmosphere  as 
especially  favorable  for  the  growth  of  the  gonococcus.  This  reduc- 
tion in  tension  has  been  effected  in  various  ways ;  through  heating  the 
air  in  the  culture  tube  and  closing  tightly  with  a  rubber  stopper 
(Ruediger,-°  Swartz°);  through  a  partial  exhaustion  of  the  air 
(Swartz^);  through  exposure  to  a  COo  atmosphere  (Chapin-^); 
through  the  use  of  a  bacterial  culture  with  oxygen  reducing  properties, 
such  as  B.  subtilis  (Wherry  and  Oliver,--  Herrold,-^  Hermanies  ^^). 
From  time  to  time  we  have  tested  these  various  procedures,  but  the 
results  have  been  in  no  way  superior  to  those  obtained  on  the  same 
medium  exposed  to  moist  air  of  normal  pressure.  The  gonococcus  in 
fact  does  not  behave  like  an  organism  with  a  predilection  for  reduced 
oxygen  tension.  In  stab  cultures  the  growth  in  the  stab  is,  at  best,  verv 
feeble ;  in  fact,  in  our  semisolid  medium  it  occurs  exclusively  on  and 
immediately  below  the  surface.  It  is  worthy  of  note  that  all  the  pro- 
cedures utilized  for  maintaining  a  reduced  oxygen  tension  also  tend  to 
retain  moisture  in  the  medium  or  in  the  air,  which  is  in  itself  an 
important  factor  in  obtaining  the  maximal  growth  for  the  gonococcus. 

"  Jour.   BacterioL,   1916,   1,  p.  343. 

20  Jour.   Infect.   Dis.,    1919,   24,  p.   376. 

21  Ibid.,   1918,   23,   p.   342. 

22  Ibid.,   1916,   19,  p.   288. 

23  Jour.  Am.  Med.   Assn.,    1921,   76.   p.  22.S. 
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Cook  and  Stafford  ^^  and  Erickson  and  Albert '-'  have  also  recently 
reported  that  a  reduced  oxygen  tension  does  not  favor  the  growth  of 
the  gonococcus. 

the    primary    isolation    of   the    gonococcus 

As  it  was  seldom  feasible  to  inoculate  the  culture  plates  immediately 
after  the  infected  material  had  been  obtained  from  gonorrheal  cases, 
the  following  method  was  devised  whereby  a  delay  of  several  hours 
might  elapse  with  a  minimal  risk  of  loss  of  viability  on  the  part  of  the 
gonococci. 

One  c  c  portions  of  a  mixture  of  2  parts  of  semisolid  "vitamine" 
agar  (C)  and  1  part  of  ascitic  fluid  are  placed  in  narrow  test  tubes 
(6"x%").  This  mixture  is  semifluid  in  consistency.  After  the  swab 
has  been  infected  with  the  gonorrheal  discharge  it  is  placed  in  a  tube 
containing  this  medium,  care  being  taken  that  the  swab  becomes  well 
moistened  with  it,  and  is  left  there.  This  tube  is  then  placed  under  the 
clothing;  preferably  next  to  the  skin.  It  is  advisable,  although  not 
essential,  to  warm  the  medium  slightly  just  before  introducing  the 
swab.  On  reaching  the  laboratory  the  tubes  containing  the  swabs  are 
placed  at  once  in  the  incubator.  The  plates,  which  should  be  slightly 
warmed,  may  be  seeded  then  or  the  tubes  may  be  left  there  for  3  or  4 
hours  before  this  is  done.  Within  this  period  the  gonococci  apparently 
do  not  die  out  at  all ;  in  fact,  they  may  begin  to  increase  in  numbers. 
The  plating,  however,  should  not  be  delayed  so  long  that  the  con- 
taminating bacteria  have  an  opportunity  to  overgrow  the  gonococci. 
Even  at  room  temperature  gonococci  in  pus  deposited  on  the  surface  of 
an  ascitic  semisolid  agar  tube  and  kept  in  a  dimly  lighted  place  have 
remained  viable  for  a  surprisingly  long  time.  In  2  such  experiments 
living  gonococci  were  found  after  48  hours  in  pus  left  under  such  con- 
ditions, although  their  numbers  were  reduced  to  a  fraction  of  1%  of 
that  originally  present.  After  3  days  all  had  died.  These  specimens  of 
pus  were  obtained  from  cases  of  acute  urethritis  in  males  and  con- 
tained large  numbers  of  gonococci.  The  tests  oft'er  a  fair  criterion  of 
the  probable  maximal  infectious  period  of  such  gonorrheal  discharges, 
when  kept  moist  at  ordinary  temperatures  and  removed  from  contact 
with  strong  light. 

In  taking  specimens  from  cases  of  urethritis  in  males  it  was  not 
found  necessary  to  clean  or  treat  the  meatus  in  any  way,  especially 
if  the  discharge  was  taken  up  with  a  platinum  loop.     Pus  from  joint 
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cases  should  be  distributed  among  3  or  4  tubes  of  the  semifluid  ascitic 
agar,  described  in  the  foregoing  paragraph,  and  plates  seeded  from  them 
at  once  and  after  incubation  for  24  to  48  hours. 

In  seeding  plates  the  swabs  are  applied  to  only  about  one-fourth  of 
the  surface  area  of  the  medium.  The  swab  should  be  rolled  so  that 
all  parts  come  in  contact  with  the  medium.  With  a  platinum  loop  the 
other  three-fourths  of  the  plate  surface  are  now  seeded  by  streaking 
from  the  part  to  which  the  swab  was  applied.  In  that  way  a  proper 
distribution  of  colonies  is  likely  to  be  obtained  on  some  part  of  the 
plate.  Before  a  second  plate  is  seeded  the  swab  should  be  reintroduced 
into  the  tube  containing  inoculated  semifluid  ascitic  agar  and  so  on  for 
each  plate. 

In  the  preparation  of  plates  for  gonococcus  isolation  we  have 
employed  both  A  and  B  agar  mediums,  using  with  each  2  parts  of  the 
medium  and  1  part  of  ascitic  fluid.  As  is  well  known,  some  samples  of 
ascitic  fluid  are  unsuited  for  gonococcus  culture.  The  lots  used  suc- 
cessfully were  free  from  bile  and  had  a  specific  gravity  of  1.010  or 
higher.  As  will  be  explained  presently,  certain  dyes  have  been  used  at 
times  in  conjunction  with  these  mediums. 

Colony  Characteristics. — ]\Iedium  A  with  ascitic  fluid  produces  a 
colony  which  is  rather  different  from  that  regarded  as  typical  for  the 
gonococcus.  These  colonies  after  48  hours'  incubation  are  only  semi- 
translucent  in  texture  and  have  a  raised,  even,  or,  at  most,  a  slightly 
indented  edge.  They  stand  out  prominently  from  the  surface  of  the 
medium.  The  centers  are  somewhat  thickened  and  exhibit  few  or 
numerous  light  colored  granules.  The  edges  are  clear  and  homogeneous. 
By  transmitted  light  they  have  a  rather  characteristic  light  fawn  color 
with  a  suggestion  of  a  greenish  tinge.  In  consistency  they  are  some- 
what viscid  or  pasty.  On  primary  isolation  the  colonies  are  generally 
just  visible  to  the  naked  eye  after  24  hours'  incubation  and  are  not 
characteristic  in  appearance.  After  48  hours,  however,  they  may  attain 
a  diameter  of  1  to  3  mm.  and  are  easily  identified.  They  often  con- 
tinue to  grow  for  about  10  days  when  they  may  reach  a  diameter  of 
8  mm.  The  older  colonies  have  heaped  up  centers  with  thin  spreading 
edges.  One  of  the  advantages  of  this  medium  is  the  unusual  retention 
of  viability  even  in  the  primary  growth ;  successful  replants  have  been 
made  from  such  colonies  up  to  10  days.  The  gonococcus  colonies  are 
also  distinctive  in  appearance  and  after  a  little  experience  are  hardly  to 
be  mistaken. 
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The  medium  B  with  its  growth  accessory  element  may  be  used  to 
advantage  in  conjunction  with  medium  A.  This  plate  medium  may 
bring  to  development  over  10  times  as  many  gonococcus  colonies  as 
medium  A.  The  colonies  also  develop  more  rapidly  and  may  be  visible 
in  18  hours.  After  24  hours'  incubation  they  frequently  attain  a 
diameter  of  about  1  mm.  These  colonies  are  colorless  and  translucent, 
showing  a  light  smoky  tinge  by  transmitted  light.  They  may  show 
heaped  up  centers  or  a  flat  surface.  The  edge  may  be  very  thin  and 
slightly  crenated  or  may  be  raised,  well  defined  and  smooth.  The  well 
isolated  colonies  exhibit  the  latter  appearance  and  under  low  magnifica- 
tion show  numerous  light  colored  crumbs  occupying  the  entire  colony 
except  the  outer  periphery.  Whereas  fishings  from  the  A  medium 
plates  may  be  delayed  for  3  or  4  days,  the  gonococcus-like  colonies  on 
the  B  plates  should  be  fished  by  the  second  day  as  the  rapid  growth 
seems  to  be  correlated  wuth  speedy  disintegration.  Among  other 
organisms  forming  a  colony  similar  to  the  one  described  in  the  fore- 
going, we  have  noted  a  gram-postive  diplococcus  and  a  small  gram- 
negative  coccoid  bacillus. 

Fishing  of  Colonics.— Fishings  of  colonies  for  the  most  part  have 
been  made  into  the  ascitic  semisolid  medium  (C).  The  growth  on  the 
surface  of  this  medium  is  so  characteristic  as  to  be  almost  diagnostic 
in  itself.  The  fished  colony  is  seeded  on  and  by  short  stabs  all  over  the 
surface  of  this  medium,  which  has  the  advantage  of  being  not  only 
favorable  for  the  primary  growth  but  also  for  the  prolonged  viability 
of  the  gonococcus.  Of  such  original  plants  from  the  plates  of  6  cases, 
the  tubes  of  wdiich  had  been  sealed  with  paraffin,  all  were  found  alive 
after  50  days  at  36  C.  and  3  of  them  after  80  to  90  days.  With  this 
medium,  then,  there  is  no  danger  of  losing  a  strain  on  first  isolation 
and  no  need  of  making  such  frequent  replants  as  has  been  considered 
necessary  heretofore.  It  would  seem  entirely  probable  that  this  medium 
would  prove  as  well  adapted  for  fishing  meningococcus  colonies.  After 
the  first  generation  of  the  gonococcus  on  this  ascitic  semisolid  medium, 
it  is  generally  possible  to  transplant  successfully  to  the  medium  without 
ascitic  fluid ;  in  a  number  of  cases  fishings  have  been  made  directly  to 
the  semisolid  medium  unenriched  with  ascitic  fluid  and  growth  obtained. 
Most  strains,  however,  thrive  only  when  the  fishing  is  made  to  the 
enriched  medium. 

Selective  Dyes. — Certain  dyes,  especially  gentian  violet  and  brilliant 
green,  have  proved  so  useful  in  the  preparation  of  selective  mediums  for 
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various  bacterial  types  that  it  was  hoped  some  one  might  be  found  of 
service  in  the  isolation  of  the  gonococcus.  A  considerable  number  of 
dyes  were  tested  and  of  these,  iodin-green  and  methyl  violet  gave  the 
more  promising  results.  In  most  instances  the  test  material  consisted 
of  swabbings  from  mild  chronic  vulvovaginitis  cases  in  children. 
Frequently  in  such  cases  other  types  of  bacteria  are  so  numerous  that 
isolation  of  pure  cultures  of  gonococcus  is  a  matter  of  great  difficulty. 
In  the  experiments  with  iodin-green  (Griibler),  the  dye  was  diluted 
1 : 2,000  or  1  :  3,000  and  0.5  to  1  c  c  added  to  15  c  c  of  the  ascitic  agar 
medium  A.  It  was  observed  that  this  dye,  at  the  dilution  used, 
exercised  its  inhibitory  effect  ,only  when  glycerol  was  present  in  the 
medium.  Under  these  conditions  the  dye  tends  to  suppress  some 
types  of  gram-positive  cocci — not  streptococci— and  certain  diph- 
theroids. Colonies  of  staphylococci  and  diphtheroids  which  succeed  in 
developing  on  the  plates  are  tinted  green,  whereas  the  gonococcus 
colonies  are  either  uncolored  or  show  only  a  faint  greenish  tinge  when 
viewed  against  a  dark  background.  This  dye,  in  the  dilutions  used, 
seemed  actually  to  stimulate  the  growth  of  gonococcus  as  these  colonies 
tend  to  become  larger  on  plates  containing  the  dye  than  on  the  control 
plates.  In  fact,  the  use  of  this  dye  in  connection  with  this  plating 
medium  was  finally  adopted  more  on  this  account  than  because  of  its 
inhibitory  eft'ect  on  other  bacteria,  which,  indeed,  is  rather  slight. 

Of  the  triphenylmethane  dyes,  gentian  violet  and  methyl  violet  were 
the  only  ones  tested  extensively.  Gentian  violet  suppresses  effectively 
the  great  majority  of  gram-positive  bacteria,  but  unfortunately  gono- 
coccus, although  a  gram-negative  organism,  is  also  highly  susceptible  to 
its  toxic  action.  The  strongest  dilution  which  could  be  used  with  any 
degree  of  success  was  a  final  one  of  1 :  1,200,000  (1  c  c  of  a  1 :  80,000 
dye  dilution  in  15  c  c  of  medium  B).  Although  most  gonococcus  strains 
exhibit  a  slightly  greater  tolerance  to  the  bacteriostatic  action  of  gentian 
violet  than  do  the  majority  of  gram-positive  cocci  and  diphtheroids, 
the  margin  of  dift'erence  is  so  slight  that  the  use  of  this  dye  as  a  selec- 
tive agent  offers  slight  promise  of  success.  Occasionally,  when  using 
gentian  violet  medium  in  making  cultures  from  gonorrheal  discharge, 
we  have  obtained  a  plate  showing  a  nearly  pure  culture  of  gonococcus 
with  a  marked  suppression  of  the  gram-positive  organisms  in  the  speci- 
men, but  comparison  with  the  control  plate  would  indicate  that  only  a 
very  small  percentage  of  the  viable  gonococci  in  the  pus  had  developed 
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into  colonics.  On  the  gentian  violet  plates,  also,  cultures  did  not 
become  visible  to  the  naked  eye  until  the  second  or  third  day  of  incu- 
bation. Cook  and  Stafford^-  have  recently  reported  on  the  use  of 
gentian  violet  and  also  other  triphenylmethane  dyes  as  ingredients  of 
a  selective  medium  for  the  gonococcus.  Gentian  violet  was  used  in 
connection  with  testicular  or  chocolate  blood  testicular  agar  in  a  dilution 
of  1 :  500,000.  The  results  obtained,  however,  in  the  application  of 
this  medium  to  clinical  diagnosis  were  not  promising. 

As  is  well  known,  Churchman  -"*  has  advocated  the  use  of  gentian 
violet  in  the  local  treatment  of  cases  of  purulent  arthritis  including  the 
gonorrheal  type.  In  discussing  the  results  obtained,  he  observed  that 
as  the  gonococcus  is  a  gram-negative  organism  it  might  be  expected  to 
be  relatively  unafifected  by  gentian  violet,  but  he  was  unable  to  settle 
this  point  experimentally.  Our  experiments  would  seem  to  indicate, 
however,  that  the  gonococcus  exhibits  only  a  slightly  lower  degree  of 
susceptibility  to  the  bacteriostatic  action  of  gentian  violet  than  do  the 
gram-positive  cocci  and  hence  should  be  classified  as  a  "gentian  violet 
positive  organism." 

In  connection  with  the  isolation  of  the  gonococcus,  methyl  violet 
has  yielded  somewhat  better  results  in  our  hands  than  has  gentian  violet. 
In  our  more  successful  experiments  this  dye  has  been  diluted  to  about 
1  :  125,000  and  Ice  added  to  15  cc  of  the  ascitic  agar  medium  B.  A 
stronger  dilution  than  this  tends,  to  be  too  inhibitory  of  the  develop- 
ment of  gonococci.  Staphylococci  have  been  cjiuite  elTectively  suppressed 
as  have  also  some  troublesome  types  of  diphtheroids  and  spore-bearing 
bacteria.  On  the  other  hand,  streptococci  and  gram-negative  bacilli  are 
not  afifected  at  all.  This  dye,  accordingly,  is  only  to  a  limited  degree 
selective  for  the .  gonococcus,  but  we  have  found  at  times  that  its 
presence  in  the  medium  has  permitted  the  isolation  of  this  organism 
when  the  control  plates  were  covered  with  growth  of  other  bacterial 
types.  The  advantages  and  limitations  in  the  use  of  this  methyl  violet 
medium  may  be  estimated  from  the  results  reported  in  a  following 
article. ^■'^  As  will  be  observed,  it  may  be  used  to  some  advantage  in 
connection  with  other  plating  mediums  but  dependence  should  not  be 
placed  on  it  alone.  This  dye  has  been  used  only  with  the  ascitic 
"vitamine"  agar  B.    The  optimal  dilution  should  be  determined  for  each 

21  Ibid.,    1920,   75,  p.    583. 

^  Jour.  Infect.  Dis.,   1922.  31,  p.  148. 
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sample  of  dye  used.  Erickson  and  iMbert ''  have  recently  reported  that 
of  various  violet  and  green  dyes  tested,  methyl  violet  was  the  most 
efifective  for  isolation  of  the  gonococcus. 

Reaction. — The  final  reaction  of  these  plating  mediums  has  always 
been  close  to  Pn  7.2. 

CRITERIA     FOR     Till':     IDENTIFICATION     OF     THE     GONOCOCCUS 

1  f  the  material  for  culture  has  been  obtained  from  the  genito- 
urinary tract,  we  have  found  that  the  type  of  colony  formation  together 
with  morphology  and  staining  reaction  is  an  almost  infallible  guide  to 
the  identification  of  the  gonococcus.  As  has  been  mentioned,  only  one 
or  two  types  of  bacteria  from  this  locality  form  colonies  closely  resem- 
bling that  of  the  gonococcus  and  in  no  case  do  these  bacteria  bear  a 
resemblance  morphologically  to  this  organism.  Cultures  from  several 
hundred  cases  of  gonorrhea  have  never  shown  any  colonies  of  M. 
catarrhalis  or  any  other  diplococcus  morphologically  resembling  the 
gonococcus,  with  its  typical  picture  of  a  mixture  of  well-staining, 
biscuit-form  diplococci  and  swollen,  more  or  less  completely  autolyzed, 
irregularly  staining  cocci  and  diplococci.  Although  this  is  the  case,  we 
have  not  depended  on  these  points  alone  for  identification. 

Inability  to  grow  on  unenriched  medium  during  the  first  few  genera- 
tions has  been  generally  accepted  as  an  important  diagnostic  test.  The 
great  majority  of  gonococcus  strains  will  conform  to  this  requirement, 
but  occasionally  we  have  encountered  undoubted  gonococcus  strains 
which  would  grow  slowly  on  ordinary  glycerol,  beef  infusion,  peptone 
agar  slants  with  a  reaction  of  Ph  7.4,  on  planting  from  the  second  or 
third  generation  of  subcultures.  These  strains  were  mostly  isolated 
from  vulvovaginitis  infections  in  children.  Some  eyars  ago  Wollstein  ^'^ 
reported  that  strains  from  such  sources  grew  readily  on  plain  agar. 
This  capacity,  however,  may  not  be  considered  as  a  cultural  feature 
differentiating  strains  causing  infantile  vulvovaginitis  from  those  con- 
cerned in  the  gonorrhea  of  adults,  for  we  have  isolated  from  these 
children's  cases  strains  of  a  type  which  was  very  delicate  and  difficult 
to  cultivate.  No  gonococcus  strain,  of  course,  will  grow  at  room  tem- 
perature on  even  the  most  favorable  type  of  medium.  Serologic  tests, 
such  as  agglutination  and  agglutinin  absorptions,  cannot  be  depended 
on  as  a  certain  guide  to  identification,  as  has  been  explained  elsewhere. 
That  fermentation  tests  are  of  great  value  in  the  difTerentiation  of  the 

='■■  Jour.   Exptr.   Med.,   1907,  9,  p.  588. 
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gram-negative  diplococci  has  been  demonstrated  Ijy  Elser  and  Huntoon 
and  others.  As  will  be  shown  presently,  our  tests  with  over  80  strains 
proves  that  the  gonococcus  is  capable  of  spHtting  glucose  alone  and  is 
thus  to  be  differentiated  from  its  nearest  relative,  the  maltose  fer- 
menting meningococcus. 

The  characteristics  distinguishing  the  gonococcus  from  other  similar 
organisms  may  then  be  summarized  as  follows :  appearance  of  the 
colony,  reaction  to  the  gram  stain  and  morphology,  inability  to  grow  at 
room  temperature  and  typical  fermentation  reactions. 

fermentation    tests 

Elser  and  Huntoon,-'  in  an  extensive  series  of  fermentation  tests 
with  different  species  of  gram-negative  diplococci  capable  of  a  parasitic 
existence  within  the  human  body,  found  that  of  the  10  carbohydrates 
employed  in  the  tests,  the  gonococcus  was  the  only  representative  of 
this  group  which  fermented  glucose.  In  this  conclusion  they  confirmed 
the  earlier  finding  of  Rohe  -*  that  of  glucose,  maltose  and  levulose,  the 
gonococcus  splits  glucose  alone.  Within  recent  years  there  has  been  a 
general  agreement  that  the  gonococcus  does  not  ferment  maltose  and 
by  that  fact  may  be  differentiated  from  the  meningococcus.  As  to  the 
action  of  gonococcus  on  galactose,  however,  there  is  no  such  uniformity 
of  opinion.  The  earlier  observers,  Dunn  and  Gordon,-^  Arkwright  ^° 
and  Sherman  and  Ritchie, ^^  all  report  the  fermentation  of  galactose  by 
gonococcus.  Elser  and  Huntoon,  however,  obtained  negative  results  in 
tests  with  15  strains  of  this  organism.  More  recently  Cole  and  Lloyd  ^ 
reported  that  galactose  was  fermented  by  the  gonococcus  but  that  the 
acidity  was  not  as  great  as  when  glucose  was  the  test  sugar.  As  a 
probable  explanation  of  the  discrepancies  in  these  findings  certain 
experiments  of  Elser  and  Huntoon  with  galactose  may  w^ell  be  cited. 
They  found  that  with  intermittent  streaming  steam  sterilization  for  the 
customary  time  periods,  galactose  and  also  levulose  in  a  menstruum  con- 
taining verv  small  amounts  of  free  alkali  were  likely  to  be  hydrolyzed 
with  the  production  of  acidity,  and  that  this  change  continued  in  some 
instances  when  the  medium  was  exposed  to  incubator  temperature. 
Howe\-er,  by  using  glassware  devoid  of  free  alkali  and  by  sterilizing  the 

='  Jour.   Med.   Research,   1909,   20,   p.   111. 

=8  Centralbl.  f.   Bakteriol.,   O.,    1908,  46,   p.    645. 

2»  Brit.    Med.   Jour.,    1905,   2,   p.    421. 

30  Jour.    Hyg.,    1907,   7,  p.    145. 
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sugars  separately  through  exposure  of  the  chstilled  water  solutions  to 
live  steam  for  10  minutes,  they  demonstrated  that  these  hydrolytic 
changes  may  be  avoided. 

As  a  base  for  our  fermentation  tests  we  have  employed  a  sugar- free 
broth  plus  ascitic  fluid.  Beef  infusion  was  made  sugar-free  by  plant- 
ing with  B.  coli  and  incubating  for  24  hours.  To  the  filtrate  was  added 
1%  peptone  and  0.5%  NaCl.  After  adjusting  the  reaction  to  Ph  7.0, 
the  medium  was  tubed  in  5  c  c  amounts  and  autoclaved.  One  c  c  of 
ascitic  fluid  was  then  added  to  each  tube.  The  ascitic  fluid  used  had 
been  in  cold  storage  for  over  4  months,  a  period  sufficiently  long  to 
permit  the  complete  disappearance  through  hydrolysis  of  any  fer- 
mentable carbohydrate  which  it  might  have  contained.  12%  solution  of 
the  sugar  in  distilled  water  was  exposed  to  flowing  steam  at  100  C.  for 
12  minutes  and  0.5  c  c  was  added  to  each  tube  of  the  ascitic  broth. 
These  tubes  of  medium  were  then  incubated  for  3  days  at  37  C.  as  a 
test  for  sterility.  The  consistent  results  obtained  Avith  levulose, 
galactose  and  maltose  indicate  that  these  relatively  unstable  sugars  were 
not  injured  by  the  degree  and  period  of  heating  applied  in  sterilization. 

In  these  comparative  fermentation  tests  we  have  used  a  fluid  medium 
because  it  permitted  a  determination  of  the  exact  degree  of  change  in 
reaction  through  the  use  of  colorimetric  methods.  As  a  routine  method, 
however,  a  solid  or  semisolid  medium  to  which  an  indicator  has  been 
added  is  to  be  preferred  as  the  growth  of  the  gonococcus  is  much  more 
rapid  on  such  a  medium  and  a  reading  may  be  made  within  24  to  48 
hours.  A  medium  of  this  type,  which  has  given  satisfactory  results,  is 
described  in  a  following  paragraph.  As  is  indicated  in  table  4,  reaction 
readings  for  these  gonococcus  strains  in  the  various  fluid  sugar  mediums 
were  made  after  7  days'  incubation.  The  H-ion  concentrations  were 
determined  through  the  use  of  bromthymol-blue  or  phenol  red  and 
comparisons  with  their  respective  scales  as  the  conditions  called  for. 

In  this  tabulation  of  fermentations  (table  4)  the  results  with  60 
gonococcus  strains  are  given  in  detail.  In  addition  25  gonococcus 
strains  isolated  from  cases  of  mild  chronic  gonorrhea  in  women  were 
tested  on  glucose  and  maltose,  making  a  total  of  85  strains.  These 
strains  had  been  isolated  from  a  great  variety  of  clinical  conditions, 
including  acute  and  chronic  urethritis  in  males,  vulvovaginitis  in  chil- 
dren, arthritis  cases,  septicemias  and  cervix  uteri  infections.  They  also 
represented  widely  separated  geographical  localities :  many  parts  of  this 
rountry  and  such  foreign  countries  as  Mexico,  England,  France,  Bel- 
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TABLE    4 

Fermentation    Tests    with    60    Gonococcus    Strai 


Gonococcus 

Strains 


Glucose 


Galactose 
Ph 


Maltose 
Ph 


Levulose 
Ph 


Control:  meningococcus 

Control  1  (sugar  mediums  uninoculated 
and  incubated) 

Control  2  (medium  without  sugar  inocu- 
lated with  gonococcus  and  incubated). 


6.3 
6.6 
6.4 
6.0 
6.3 
6.4 
6.2 
6.5 
6.4 
6.2 
6.2 
6.0 
6.4 
6.2 
6.5 
6.2 
6.2 
6.7 
6.2 
6.2 
6.6 
6.4 
6.5 
6.1 
6.0 
6.3 
6.2 
6.2 
6.0 
6.2 
6.0 
6.0 
6.0 


6.2 
6.5 
6.2 
6.2 
6.3 
6.2 
6.3 
6.5 
6.5 
6.2 
6.2 
6.2 
6.4 
6.0 
6.2 
6.2 
6.2 
6.5 
6.3 
6.5 
6.4 
6.7 
6.2 
5.9 


7.1 
7.2 
7.3 
7.1 
7.1 
7.5 
7.1 
7.8 
7.2 
7.1 
7.6 
7.4 
8.0 
7.2 
7.2 
7.3 
6.9 
7.2 
7.2 
7.1 
7.3 
7.3 
7.2 
7.2 

7!3 
7.1 

7.2 
7.3 
7.1 
7.3 
7.4 
7.4 
7.2 
7.4 
7.1 
7.4 
7.4 
7.3 


*  All  tests  for  H-ion  concentrations  were  made  after  7  days'  incubation. 
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gium,  Cjcrmany  and  Egypt.  As  may  be  noted,  with  one  exception  these 
strains  all  produced  a  definite  acidity  in  the  glucose  broth  medium.  The 
strain  failing  to  split  this  sugar  was  an  old  stock  culture  (strain  "G," 
redesignated  36).  This  strain  grew  very  well  in  the  medium  but  in 
repeated  tests  failed  to  attack  the  sugar  at  all.  It  would  seem  likely  that 
we  have  here  an  instance  of  repressed  or  lost  function  rather  than  an 
exception  to  the  general  rule  that  the  gonococcus  ferments  glucose. 
The  strains  differed  considerably  in  the  amount  of  acid  produced  but 
this  variation  was  not  definitely  correlated  with  cither  the  age  of  the 
strain  or  the  amount  of  growth;  some  of  the  strains  producing  only 
a  slight  amount  of  acid  were  among  the  most  vigorous  growers. 

As  is  indicated  in  table  4,  none  of  the  strains  tested  fermented 
galactose,  maltose  or  levulose.  The  results  with  galactose  are  of  rather 
more  academic  than  practical  interest  as,  according  to  the  results  of 
Elser  and  Huntoon,  none  of  the  gram-negative  diplococci,  which  bear 
a  close  resemblance  to  the  gonococcus,  split  this  sugar.  On  the  other 
hand,  the  uniform  absence  of  action  on  maltose  adds  confirmation  to 
the  value  of  this  sugar  for  the  differentiation  of  the  gonococcus  from 
the  meningococcus.  The  meningococcus  strain,  used  as  a  control,  acted 
promptly  on  this  maltose  medium,  producing  a  marked  degree  of 
acidity  in  48  hours.  No  recent  observer  has  definitely  claimed  that 
the  gonococcus  may  ferment  maltose.  Hermanies  ^-  recently  reported 
in  reference  to  a  large  number  of  gonococcus  strains  that  '"practically 
none  of  them  fermented  maltose,"  the  exceptions  apparently  being  2 
strains  giving  rise  to  a  slight  initial  acidity  which  gave  way  after  48 
hours  to  alkalinity.  Wollstein,-*^  in  1907,  claimed  that  10  strains  of 
gonococcus  from  cases  of  vulvovaginitis  in  infants,  all  fermented  mal- 
tose. Our  tests,  however,  have  indicated  that  such  infantile  strains  do 
not  dift'er  in  their  fermentations  from  strains  isolated  from  adults  ;  8 
such  strains  (48,  54,  55,  56,  57,  58,  60,  61)  gave  positive  results  with 
glucose  and  negative  resuhs  with  galactose  and  maltose. 

In  the  galactose  and  levulose  medium,  and  to  a  rather  more  marked 
extent  in  the  maltose  medium,  some  degree  of  alkalinity  was  produced 
by  the  majority  of  the  strains  after  7  days'  incubation.  This  degree 
of  alkalinity  was  quite  definitely  linked  with  the  vigor  of  the  growth. 

Our  results  have  shown  definitely  that  the  presence  of  a  sugar  fer- 
mentable by  the  gonococcus  in  a  medium  does  not  enhance  its  growth, 
for  fully  as  vigorous  growth  occurred  in  this  fluid  medium  without  any 
sugar  or  with  the  nonfermentable  sugars  as  in  the  glucose  tubes.     The 
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same  finding  also  held  true  for  solid  mediums.  We  can  thus  confirm 
the  conclusion  of  Cole  and  Lloyd  '  that  the  addition  of  glucose  to 
mediums  prepared  for  gonococcus  culture  is  not  desirable. 

A  few  of  our  gonococcus  strains  grew  so  poorly  in  this  fluid  medium 
that  it  could  not  be  used  for  determining  their  fermentative  activities. 
This  medium  is  also  not  well  adapted  for  diagnostic  tests  as  the  neces- 
sary incubation  period  covers  several  days.  We  have  found  that  a  sure 
growth  with  a  definite  reading  after  about  24  hours'  incubation  may  be 
obtained  by  using  a  semisolid  agar  medium  to  which  brom-thymol-blue 
has  been  added  as  an  indicator.  This  medium  is  prepared  with  meat- 
infusion,  sugar-free,  1.5%  peptone  broth  to  which  %%  agar  is  added. 
To  this  semisolid  agar,  adjusted  to  Ph  7.0,  is  added  brom-thymol-blue 
in  an  amount  sufficient  to  give  a  fairly  deep  color.  It  is  tubed  in  5  c  c 
amounts,  steriHzed,  and  the  ascitic  fluid  and  sugars  added  as  advised 
for  the  fluid  medium.  The  gonococcus  growing  on  the  surface  of  this 
unslanted  medium  causes,  within  24  to  48  hours  in  the  presence  of 
glucose,  a  definite  change  in  color  from  bluish  green  to  yellow  in  the 
medium  immediately  below  the  growth.  With  some  strains  the  change 
to  yellow  is  evident  withia  18  hours.  In  the  presence  of  maltose  or 
other  non  fermentable  sugar  the  color  either  remains  unchanged  or  a 
bluish  tinge  develops.  This  dye  indicator  does  not  inhibit  the  growth 
of  the  most  delicate  strains. 

MAINTEXANCE     OF     STOCK     STRAINS     OF     GONOCOCCUS 

The  maintenance  of  a  large  collection  of  gonococcus  strains  on 
ascitic  agar  or  blood  agar  slants  is  a  troublesome  rrtatter  and  necessitates 
their  being  transplanted  at  intervals  of  a  week  or  less,  in  fact  some 
investigators  ^  have  advised  daily  replanting  of  stock  cultures.  W^e  have 
found  that  these  difficulties  may  be  in  large  measure  eliminated  by  the 
use  of  the  semisolid  medium  C,  which  contains  a  growth  accessory 
principle  and  is  prepared,  with  slight  modifications,  according  to  the 
method  of  Huntoon.  In  using  this  medium  the  gonococcus  growth  is 
seeded  into  the  upper  one-fourth  inch  or  so  of  the  unslanted  agar,  which 
has  a  H-ion  concentration  of  about  6.8.  One  of  the  great  advantages 
of  this  medium  is  that  it  is  sterilizable,  and  one  may  thus  avoid  the 
contaminations  which  are  so  prone  to  occur  if  ascitic  fluid  or  other 
nonsterilizable  albuminous  fluids  are  used ;  also  this  medium  does  not 
dry  out,  and  hence  favors  the  development  of  a  thick  moist  growth  with 
most  gonococcus  strains.     With  stab  cultures  into  this  medium,  the 
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growth  is  limited  to  a])out  4  mm.  below  the  surface,  none  occurring  in 
the  depths  of  the  stab.  Huntoon  also  recommended  a  semisolid  medium 
of  this  type  for  the  preservation  of  stock  cultures,  reporting  a  viability 
period  of  3  months  for  the  meningococcus  and  2  months  for  the 
gonococcus. 

The  viability  factor  with  this  medium  has  already  been  discussed 
from  the  standpoint  of  various  H-ion  concentrations.  As  was  pointed 
out  in  that  connection,  some  strains  remain  viable  in  this  medium  for 
periods  ranging  from  several  months  to  one  year ;  other  strains  of  the 
more  delicate  type  may  not  give  successful  replants  in  this  unenriched 
medium  longer  than  one  month.  As  a  matter  of  routine,  accordingly, 
the  stock  strains  of  the  gonococcus  have  been  replanted  about  every 
three  weeks.  Any  strain  failing  to  grow  could  always  be  recovered 
by  the  use  of  this  medium  enriched  with  ascitic  fluid  (see  p.  126). 
These  exceptionally  delicate  strains  exhibited  on  first  isolation  the 
common  characteristics  of  producing  an  unusually  viscid  growth  with 
rapid  autolysis  of  the  cocci.  On  prolonged  cultivation,  however,  most 
of  them  tended  to  lose  these  characteristics  and  to  become  much  more 
hardy. 

Young  growths  of  gonococcus  on  this  medium  placed  at  room  or 
icebox  temperature  tended  to  die  out  quickly.  The  limit  of  viabi'lty  at 
both  these  temperatures  ranged  from  less  than  3  days  to  not  mo-  than 
6  days.  Hermanies,  on  the  other  hand,  using  ascitic  agar  slan'  ,  lound 
his  stock  strains  of  gonococcus  uniformly  viable  after  8  to  10  days  at 
room  temperature,  and  some  remained  so  for  periods  up  to  several 
months.  Cook  and  Stafford,  using  an  unenriched  testicular  agar, 
obtained  a  viability  period  limited  to  8  days,  regardless  of  whether  the 
cultures  were  kept  at  incubator,  room  or  icebox  temperatures.  We 
have  found  the  optimal  temperature  to  be  between  36  and  37.5  C, 
although  continued  viability  is  possible  with  temperatures  up  to  38.5  C 

SUMMARY 

For  the  optimal  growth  of  the  gonococcus  the  reaction  of  the 
medium  should  be  set  close  to  the  point  of  absolute  neutrality ;  between 
Ph  6.8  and  7.4.  The  reaction  range,  however,  compatible  with  growth 
on  a  semisolid  medium  containing  a  growth  accessory  factor  was  found 
to  extend  from  Ph  5.8  to  8.2. 

The  relation  of  viability  to  the  reaction  of  a  medium  was  studied. 
A  slightly  acid  reaction  was  found,  on  the  whole,  more  favorable  than 
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a  slightly  alkaline  reaction.  The  remarkable  retention  of  viability  for 
one  year  was  noted  in  reference  to  one  strain  seeded  on  a  semisolid 
"hormone"  agar  (Huntoon)  with  a  primary  reaction  of  Ph  6.3. 

No  better  growth  was  obtained  liy  the  use  of  a  medium  containing 
a  high  concentration  of  amino  acids  than  when  prepared  with  the 
specified  amount  of  peptone. 

The  presence  of  glucose  does  not  enhance  the  growth  of  the 
gonococcus. 

The  growth  stimulating  principle  in  a  medium  prepared  according 
to  Huntoon's  method  was  found  to  be  slightly  impaired  by  exposure 
in  the  autoclave  to  120  C.  for  5  minutes  and  seriously  injured,  but  not 
entirely  destroyed,  after  30  minutes  at  that  temperature. 

Abundant  moisture  in  the  air  of  the  incubator  is  a  prime  requisite 
for  the  optimal  growth  of  the  gonococcus,  especially  on  first  isolation, 
but  a  reduced  oxygen  tension  was  not  found  to  be  advantageous. 

Fermentation  tests  constitute  the  most  valuable  single  criterion  for 
the  differentiation  of  gonococci  from  other  similar  gram-negative 
diplococci.  No  one  of  86  gonococcus  strains  tested  split  maltose,  and 
all  but  one  fermented  glucose.  None  of  the  strains  tested  on  levulose 
and  galactose  split  these  sugars.  A  sugarfree,  semisolid,  ascitic  agar 
medium,  with  bromthymol-blue  as  an  indicator,  has  proved  satisfactory 
as  a  base  for  fermentation  tests.  Dift'erential  readings  may  be  made 
after  18  to  24  hours'  incubation. 

A  semisohd,  sterilizable  medium  with  a  growth  accessory  factor 
(Huntoon  formula)  was  found  admirably  adapted  for  carrying  a  large 
collection  of  gonococcus  strains.  Replantings  have  not  been  necessary 
oftener  than  once  in  three  or  four  weeks. 

Two  plating  mediums  are  described  which  have  been  found  service- 
able in  the  isolation  of  the  gonococcus.  One  of  these  mediums  is  made 
in  some  degree  selective  by  the  incorporation  of  a  dye,  iodin-green.  For 
the  best  results  the  reaction  is  of  prime  importance ;  the  final  H-ion  con- 
centration should  be  about  7.2.  A  method  of  collection  of  gonorrheal 
pus  specimens  for  culture  is  described. 
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COMPARATIVE     VALUE,     FROM     STANDPOINT     OF 
PUBLIC   HEALTH,   OF   SMEARS,   CULTURES    AND 
COMPLEMENT    FIXATION    IN     THE    DIAG- 
NOSIS    OF    CHRONIC     GONORRHEA 
IN     WOMEN* 

John    C.   T  o  r  r  e  y,    AI.   A.   Wilson 

AND 

George   T.    Buckell 

From  New  York   University  Medical  College,   Cornell   University  Medical  College,   Department 
of  Hygiene,   and  Bureau   of   Laboratories,   Health   Department,   City   of  New    York 

In  the  first  part  of  this  article  are  reported  the  results  which  have 
been  obtained  in  the  application  of  the  cultural  methods  of  Torrey  and 
Buckell  ^  to  the  diagnosis  of  cases  of  chronic  gonorrhea  in  women,  and 
in  the  second  part,  a  comparative  study  of  the  relative  values,  from 
public  health  standpoint,  of  smears,  cultures  and  complement-fixation 
tests  in  the  diagnosis  and  control  of  such  cases  is  presented.  The 
patients  were  prostitutes  who  had  received  a  court  sentence.*  * 

L  Cultural  Results. — As  it  was  not  feasible  to  seed  the  culture  plates 
immediately  after  obtaining  specimens  from  these  cases,  it  was  neces- 
sary to  devise  a  procedure  through  which  the  viability  of  any  gonococci 
present  in  the  discharges,  on  the  swabs,  would  be  preserved  during  the 
period  occupied  in  transporting  them  to  the  laboratory.  A  method 
which  proved  satisfactory  is  described  in  the  article  referred  to.  The 
plates  should  be  poured  at  least  2  or  3  hours  before  they  are  to  be 
streaked.  After  seeding,  they  are  placed  in  an  incubator  in  which  the 
air  is  kept  very  moist  and  the  temperature  at  36  to  37  C.  It  is  seldom 
worth  while  to  attempt  fishings  from  the  plates  after  only  24  hours' 
incubation  as  the  gonococcus  colonies  are  frequently  very  small — barely 
visible  to  the  naked  eye — and  not  particularly  characteristic.  After 
48  hours,  however,  the  colonies  have  generally  assumed  a  typical  appear- 

Received  for   publication  April   24,    1922. 

*  This  investigation  was  aided  by  a  grarit  from  the  U.  S.  Interdepartmental  Sccial 
Hygiene   Board   to  Xew  York  University   Medical   College. 

**  The  material  for  culturing  was  obtained  either  at  the  clinic  connected  with  the  Court 
or  at  the  Kingston  Avenue  Hospital  for  Communicable  Diseases  in  Brooklyn.  The  comple- 
ment fixation  tests  were  made  by  Miss  M.  A.  Wilson,  in  charge  of  the  Health  Department 
Serologic  Laboratory,  and  smear  diagnoses  by  Dr.  Catherine  Regan,  Bacteriologist  at  the 
Kingston  Avenue  Hospital.  In  correlating  the  work  we  have  received  assistance  from  Dr. 
W.    H.    Park   and   Dr.   Anna  Williams. 

1  Jour.  Infect.  Dis.,  1922,  31,  p.   125. 
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ancc  and  those  resembling  the  gonococcus  type  should  be  fished.  It  is 
best  not  to  delay  the  fishing  from  medium  B  plates  beyond  the  second 
day  as  the  gonococci  tend  to  die  out  rather  quickly  on  this  medium. 
In  some  instances  the  gonococcus  colonies  have  grown  up  very  slowly, 
and  accordingly  all  the  plates  should  be  incubated  and  inspected  daily 
for  at  least  5  days.  The  isolation  of  the  gonococcus  in  pure  culture 
in  some  cases  was  a  matter  of  considerable  difficulty  owing  to  the 
presence  of  large  numbers  of  other  colonies  on  the  plates.  Pure  strains 
were  always  obtained,  however,  by  replatings  on  one  or  the  other  of 
the  dye-containing  mediums.  The  appearance  of  the  gonococcus  colonies 
on  these  mediums,  the  method  of  fishing  the  colonies  and  the  criteria 
for  the  identification  of  the  gonococcus  have  been  discussed  in  the 
preceding  paper. 

For  each  case  4  plates  were  generally  used,  prepared  as  follows : 

1.  Medium  B,  10  c  c  plus  5  c  c  ascitic  fluid  plus  Ice  methyl  violet, 
1 :-] 00,000  dilution  in  distilled  water. 

2.  Medium  B,  10  c  c  plus  5  c  c  ascitic  fliuid. 

3.  Medium  A,  10  c  c  plus  5  c  c  ascitic  fluid  plus  0.5  c  c  iodin-green, 
1 :  3,000  dilution  in  distilled  water. 

4.  Medium  A,  10  c  c  plus  ascitic  fluid,  5  c  c. 

As  is  indicated  in  table  1,  rather  more  successful  isolations  were 
effected  with  plates  3  than  wnth  any  of  the  other  combinations,  although 
plates  2  yielded  nearly  as  good  results  and  in  4  instances  showed  gono- 
coccus colonies  when  the  other  plates  were  negative.  These  2  plates, 
however,  were  more  frequently  overgrown  with  contaminating  bacteria.^ 
In  only  2  instances  was  a  successful  isolation  obtained  from  plate  1  when 
the  other  3  proved  negative,  and  in  many  instances  no  gonococcus 
colonies  developed  on  plate  1  when  one  or  more  of  the  other  plates 
were  positive.  Streptococci  gave  a  good  deal  of  trouble  and  were 
present  in  much  greater  numbers  in  the  specimens  from  the  cervix 
uteri  than  in  those  from  vulvovaginitis  in  children  or  from  cases  of 
urethritis  in  males.  The  methyl  violet,  in  the  strength  employed,  fre- 
quently did  not  inhibit  the  development  of  the  streptococci  nor  certain 
prevalent  types  of  diphtheroids,  but  too  often  did  inhibit  the  growth 
of  gonococci.  It  would  seem,  perhaps,  hardly  worth  while  to  employ 
plates  1  in  routine  work  on  women.  Plates  4,  also,  proved  less  effective 
than  did  the  same  medium  with  the  dye,  iodin-green.    In  view  of  these 

2  An  effective  method  for  limiting  the  overgrowth  of  plates  with  spreading  types  of  bac- 
teria (B.  subtilis,  etc.)  consisted  in  ringing  such  colonies  with  gentian  violet  stain,  applying 
the  stain   with  a   swab   around   the   colony. 
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results  we  would  recommend  the  use  of  mediums  2  and  3  in  connection 
with  gonorrheal  cases  of  this  type,  employing  at  least  one  plate  of  the 
former  and  two  plates  of  the  latter  for  each  specimen. 

Of  the  total  102  women  from  whom  cultures  were  made,  successful 
isolations  were  effected  in  29,  or  28.4%. 

TABLE     1 

Results    Obtained    with    the    Four    Varieties    of    Mediums    Employed    in    the 

Isolation    of   Gonococcus 


Case 

Plate  1 
Ascitic  Agar  B 
+  Methyl  Violet 

Plate  2 
Ascitic  Agar  B 

Plate  3 
Ascitic  Agar  A 
+  lodin-Green 

Plate  4 
Ascitic  Agar 

A 

L.  Sm 

_ 

± 
+ 

+ 

C 

+ 

+ 

t 

+ 

C 

c 

+ 
+ 
0 

t 

+ 

+ 
c 

+ 
+ 

+ 
-f 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

C+ 

+ 
+ 

+ 
+ 

C 

+ 
+ 

+ 

c 
c 

L    S 

p.  A 

E.  B.  . 

N.  C 

M.  D '. 

L.  R 

L.  D.  cerv 

ureth 

ureth 

A.  R 

A.  M 

G.  S 

A.  Mac 

F.H 

C.   J 

J.   F 

M.  Do 

H.  M 

B.  G 

R.  C 

A.  D 

M.  H 

M.  W. 

J.   V 

V.  M 

B.  Ca 

G.  W 

V.  G 

L.  S". 

-r  indicates  gonococcus  colonies  on  the  plate;  C  indicates  plate  badly  contaminated. 


The  strains  isolated  from  our  29  positive  cases  were  definitely 
identified  as  gonococci.  In  5  instances  pure  cultures  w^ere  obtained 
and  identified  on  the  basis  of  type  of  colony  growth,  morphology,  and 
reaction  to  gram  stain,  rapid  autolysis  and  short  period  of  viability,  but 
the  strains  were  lost  before  further  tests  could  be  applied.  The  other 
24  strains  were  all  subjected  to  fermentation  tests  and  a  considerable 
number  of  them  to  agglutination  tests  with  a  polyvalent  gonococcic 
serum.  We  believe  there  can  be  no  question  in  regard  to  the  identity 
of  them  all. 
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From  the  standpoint  of  control  of  venereal  infection  it  is  of  interest 
to  find  that  9  of  the  29  patients  with  positive  cases  harhored  the 
gonococcus  in  the  cervix  uteri  without  any  definite  symptoms  of  gonor- 
rhea. Also,  although  in  most  of  these  positive  cases  the  number  of 
viable  gonococci  was  very  small,  there  was  no  definite  correlation 
between  the  number  of  gonococcus  colonies  on  the  plates  and  the 
clinical  picture;  that  is  to  say,  a  few  of  the  clinically  doubtful  cases 
gave  fairly  numerous  gonococcus  colonies  on  the  plates,  whereas  certain 
other  cases  showing  quite  definite  clinical  symptoms  yielded  exceedingly 
few  gonococcus  colonies  and  those  only  on  one  plate.  We  have  made 
no  comparative  virulence  tests  on  the  gonococcus  strains  isolated.  It  is 
possible  that  those  from  the  clinically  doubtful  cases  would  prove  to  be 
relatively  avirulent.  Jotten  ^  has  recently  reported  that  strains  from 
cases  of  gonorrhea  with  complications  are,  as  a  rule,  much  more 
virulent,  as  indicated  by  the  inoculation  of  white  mice,  than  those  cases 
with  milder  symptoms. 

In  regard  to  92  of  the  patients  there  are  official  records  of  the  results 
of  gram-stained  smears.  Accordingly,  we  may  present  at  this  point 
a  comparative  statement  bearing  on  the  relative  values  of  these  two 
methods  of  diagnosis.  In  most  instances  smears  from  the  urethra  and 
the  cervix  uteri  were  prepared  at  the  time  the  specimen  for  culture  was 
obtained.  In  addition,  from  most  of  the  cases  smears  were  taken  at 
other  times.  In  the  tabulation  the  report  most  suggestive  of  gonorrhoeal 
infection  has  been  selected.  In  diagnosing  these  smears  the  rules  of 
Williams  and  Wilson  *  were  followed :  positive  smears  show  leukocytes 
filled  with  morphologically  typical  gonococci ;  suspicious  smears  show 
some  intracellular  organisms  suspiciously  like  gonococci  and  50%  or 
more  of  polymorphonuclear  leukocytes ;  observation  smears  show  50% 
or  more  of  polymorphonuclear  leukocytes,  but  no  suspicious  intra- 
cellular diplococci. 

Of  these  92  different  cases,  26,  or  approximately  28%,  yielded 
positive  cultures.  Among  these  cases  there  was  one  acute  infection  and 
8  subacute.  The  majority,  or  59,  presented  the  clinical  picture  of 
chronic  gonorrhea,  as  described  by  Smith  and  Wilson,^  with  at  least  21 
cases  for  which  a  diagnosis  of  "doubtful  gonorrhea"  was  given.  Gram- 
stained  smears  from  these  patients  yielded  a  positive  diagnosis  in  13 

•■'  Miinchen.   med.    Wchnschr.,   1920,    67,   p.    1067. 

*  Collected  Studies  from  Research  Laboratory,  Dept.  of  Health,  City  of  New  York,  1911, 
6,   p.   29. 

s  Jour.   Immunol.,    1920,    5,   p.    499. 
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instances,  or  in  just  one-half  as  many  as  did  the  cultural  method.  Of 
the  26  culturally  positive  cases,  5  gave  positive  films,  2  were  suspicious, 
and  19  were  reported  as  of  the  observation  type.  There  were,  accord- 
ingly, 8  cases  yielding  positive  smears  from  whom  the  gonococcus  was 
not  isolated. 

Twenty-six  of  the  patients  had  received  irrigations  for  longer  or 
shorter  periods  before  the  cultures  were  made,  although,  of  course,  the 
local  treatments  were  stopped  3  or  4  days  before  the  specimens  were 
taken.  Of  these  treated  patients  only  3  yielded  positive  cultures,  but 
5  gave  positive  smears.  Further,  the  5  cases  giving  positive  smears 
were  not  among  those  successfully  cultured ;  of  the  latter,  2  gave  the 
observation  type  of  smear  and  1  the  suspicious  type. 

It  should  be  noted  that  in  some  of  these  cases  the  plates  were  so 
overgrown  with  other  types  of  bacteria  that  gonococci,  even  if  present, 
would  not  have  had  an  opportunity  to  develop.  If  a  second  examination 
had  been  made  in  some  of  these  cases  no  doubt  a  somewhat  higher 
percentage  of  positive  results  might  have  been  obtained.  On  the  other 
hand,  the  smears  were  not  always  of  such  a  quality  as  to  provide 
optimal  conditions  for  examination. 

These  results  are  summarized  in  table  2. 


Comparative    Results 

TABLE     2 

WITH    Cultural    and    Smear    Methods    of    Exami 

nation 

Total 

Number  of 

Cases 

Cultural  Results 

Gram-Stained  Smears 

Positive 

Negative 

Positive         Suspicious 

Observation 
Cases 

Negative 

92 

•2fi 

^ 

,3            1            U 

56 

6 

From  our  results  with  these  two  methods  of  diagnosis  in  suspected 
gonorrheal  infections  of  this  type  we  may  conclude  that  the  cultural 
methods  employed  are  likely  to  give  a  higher  percentage  of  definitely 
positive  findings  than  are  the  smear  examinations,  but  on  the  other  hand, 
the  latter  may  be  positive  when  cultures  are  negative.  Of  the  21  cases 
clinically  diagnosed  as  "doubtful  gonorrhea,"  5  gave  positive  cultures 
and  3  positive  smears  and  4  suspicious  smears,  but  4  out  of  the  5 
culturally  positive  cases  yielded  the  observation  type  or  negative  smears. 
These  two  methods,  thus,  tend  to  supplement  each  other  and  are  both 
of  value  in  the  control  of  these  cases. 
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2.  Comparison  of  the  Coiuplcuicnt-Fixation  Test  zvifli  Smear  and 
Culture  in  Relation  to  Clinical  Diagnosis. — In  this  section  are  reported 
the  results  obtained  with  complement-fixation  tests  by  Miss  Wilson  of 
the  Serologic  Laboratory,  Department  of  Health,  the  smear  examina- 
tions at  the  Kingston  Avenue  Hospital,  and  the  cultures  by  Mr.  Buckell, 
on  56  of  the  102  cases  described  in  part  1. 

The  method  for  the  complement-fixation  test  has  been  described.^ 
Ihe  essential  points  are  the  preliminary  tests  of  individual  guinea-pig 
serums  for  gonococcus  fixability  and  careful  titration  of  the  selected, 
pooled  complement  with  constant  doses  of  antisheep  amboceptor  and 
5%  suspension  of  sheep  cells. 
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TABLE     3 

Culture    and    Complement    Fixation 
Gonorrhea    in    Women 


[N    Various    Stages    of 


Diagnosis 

Number  of 
Cases 

Percentage  of  Positive  Diagnoses 

Smears 

Cultures 

Complement 
Fixation 

1 

S 
33 
14 

Observation 

50% 
12% 
14% 

100%  positive 

50% 
20% 
28% 

fixation 

50% 
69.5% 

Chronic  gonorrhea 

Doubtful  gonorrhea 

71% 

A  summary  of  the  tests  of  the  56  cases  without  reference  to  the 
clinical  data,  shows  16  cases  giving  positive  cultures,  or  27%,  10 
giving  positive  smears,  or  16.5%,  and  Z7  giving  fixation,  or  66%.  The 
fixations  were  divided  into:  8'  strongly  positive,  or  14%  ;  15  moderately 
positive,  or  26.5%,  and  14  weakly  positive,  or  25%.  If  we  should 
consider  the  weakly  positive  reactions  insignificant,  we  would  still  have 
40.5%  positive  fixations  in  the  56  cases.  In  the  discussion  of  the 
following  tables  we  shall  give  our  reasons  for  considering  the  weakly 
positive  reactions  to  be  diagnostic  of  present  or  recent  gonorrheal 
infection. 

The  important  point  is  to  determine  the  relation  of  the  laboratory 
tests  to  the  clinical  classification,  and  we  give  a  comparison  in  table  3. 
The  clinical  classification  is  that  used  at  the  Kingston  Avenue  Hospital 
as  described  by  Smith  and  Wilson. °  This  classification  cannot  be  taken 
as  a  hard  and  fast  guide  to  the  course  of  the  disease  because  of  the 
inability  to  obtain  correct  histories  and  dates  of  infection  of  the 
patients. 
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As  was  demonstrated  by  Schwartz  and'  McNeil,''  in  the  acute  and 
subacute  stages  of  gonorrhea  one  would  not  expect  to  obtain  as  high  a 
percentage  of  positive  reactions  as  in  the  chronic  stage. 

It  is  of  interest  to  compare  our  results  w^ith  those  of  Smith  and 
Wilson,  who  carried  out  a  similar  comparative  investigation,  using 
for  the  cultural  work  a  glycerol-veal-horse-serum  agar  streaked  with 
blood.  Of  a  total  of  50  cases,  7  were  positive  culturally,  14%  ;  3  were 
positive  by  smear  and  26  had  smears  of  the  observation  type ;  41  gave 
positive  fixation,  or  82%,  with  8,  or  169t ,  showing  a  strong  positive 
reaction. 

Wilson  has  made  a  further  study  (to  be  published)  of  181  cases 
previous  to  the  present  series.     The  181  cases  were  classified  as: 

54  subacute  cases'  having  46.5%  positive  smears, 
49.5%  positive  cultures, 
51.5%  positive  fixation. 
85  chronic  cases  having  13%  positive  smears, 
15%  positive  cultures, 
76%  positive  fixation. 
7  doubtful  clinically  no  positive  smears, 
no  positive  cultures, 
42%  positive  fixation. 

Controls  :  346  nongonorrheal  patients  gave  no  trace  of  fixation,  and 
4  normal  laboratory  workers  gave  no  trace  of  fixation. 

In  these  three  studies  the  complement  fixation  reactions  in  chronic 
cases  dropped  from  82%  in  first  study  to  76%  in  second  study  and 
to  69.5%  in  the  present  study. 

W'e  have  not  been  able  to  determine  the  exact  reason  for  this 
decrease  in  the  positive  reactions,  but  the  chief  cause  may  have  been 
due  to  the  time  in  the  course  of  the  disease  that  the  tests  were  made. 
The  character  of  the  patients  in  our  service  has  changed  somewhat 
during  the  pa.st  two  years.  At  the  time  of  our  first  study  all  prostitutes 
having  venereal  disease  were  sent  to  Kingston  Avenue  Hospital,  while, 
for  some  time  past,  the  first  ofl^enders  and  young  girls,  only,  are  sent 
there. 

In  table  4  is  given  a  report  of  the  laboratory  tests  on  16  of  our 
culturally  positive  cases.  In  these  the  complement-fixation  tests  were 
made  at  the  serologic  laboratory.  The  remainder  of  our  culturally 
positive  cases  had  the  complement-fixation  tests  performed  at  another 
laboratory  and  are  not  included  in  this  table. 

"  Am.  Jour.  Med.  Sc,   1912,   144.  p.  815. 

"  Included  in  th°  54  subacute  cases  are  11  diagnosed  as  acute  on  admission,  but  as  these 
were  not  early  acute  they  have  been   placed  with   the  subacute  cases. 


TABLE     4 

Results    of   Complement    Fixation    and    Smear    Examinations    in    16    Cases 

Culturally   Positive 


Case 

Complement  Fixation    . 

Smears 

Positive 

Negative 

Doubtful 

Urethra               Cervix 

L  S.  ..               ... 

+ 
+ 
3  + 

3+ 

+ 

3  + 

+ 

+ 

2+ 
3+ 

2  + 

- 

± 

Suspicious 

+ 
Observation 
Observation 
Observation 

Suspicious 
Observation 
Observation 
Observation 
Observation 
Observation 
Observation 

Observation 
Observation 

Suspicious 

L,  Sen 

p.  A 

Observation 

E.  B 

N.  0 

Observation 
Observation 

M.  D 

L.  R 

L.  D 

Observation 

A.  R 

A.  M 

Observation 

A.  Mac 

J.  F 

Observation 

J   V        . 

Observation 

V.  M 

R  Ca.  . 

Observation 

M.  H 

In  table  5  is  given  a  comparison  of  the  laboratory  tests  in  43  cul- 
turally negative  cases. 


TABLE     5 
Results   of   Complement   FIX^TION    and   Smear   Exami 
Negative    Cases 


IONS    in   41    Culturally 


Complement  Fixation* 

Smearsf 

Smear  at 

Culture 

Cases 

Time  of 
Culture 

Material 

Positive 

Negative 

Doubtful 

Urethra 

Cervix 

M.  K. 

_ 

Observation 

Observation 
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*  Result  of  fixation  at  height  of  reaction  is  given.  From  3  to  23  tests  were  made  on 
each  case,  with  an  average  number  of  about  8. 

t  From  3  to  18  smears  from  each  of  these  cases  were  examined  with  an  average  number 
of  about  9.     The  result  most  suggestive  of  gonpcoccus  infection  is  given. 
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discussion 

The  results  of  this  investigation  tend  to  confirm  the  general  impres- 
sion that  neither  clinical  observations  alone,  cultural  tests,  gram-stained 
smears  nor  fixation  tests,  as  single  methods  of  diagnosis,  can  be  relied 
on  as  guides  to  diagnoses  of  actual  infection  with  the  gonococcus  in 
cases  of  suspected  chronic  gonorrhea  in  women. 

Considering  first  clinical  observations,  we  find  that  9  of  our  29 
culturally  positive  cases  harbored  the  gonococcus  in  the  cervix  uteri 
without  exhibition  on  the  part  of  the  patients  of  symptoms  definite 
enough  to  warrant  a  clinical  diagnosis  of  gonorrhea.  Also  7  other 
cases,  diagnosed  as  doubtful  gonorrhea,  which  were  culturally  negative, 
gave  definitely  positive  complement  fixation  and  two  of  them  also 
positive  smears.  Conversely,  among  33  cases  given  a  diagnosis  of 
chronic  gonorrhea,  there  were  5  cases  in  which  the  clinical  diagnosis 
was  supported  neither  by  the  cultural  test  nor  by  repeated  fixations  and 
smears. 

Diagnosis  by  cultural  tests  would  be,  of  course,  the  preferred  labo- 
ratory procedure  if  it  might  be  carried  out  with  the  facility  and  con- 
fidence which  that  method  enjoys  as  applied,  for  instance,  to  the  diag- 
nosis of  diphtheria.  This,  however,  is  at  present  quite  far  from  being 
the  case.  Although  our  cultural  procedures,  as  applied  to  the  diagnosis 
of  chronic  gonorrhea  in  women,  have  yielded  results  which  seem 
perhaps  to  be  better  than  any  reported  heretofore,  among  41  culturally 
negative  cases  (table  5),  which  were  carefully  studied,  there  were  8 
cases  giving  positive  smears  and  13  other  patients  who  gave  a  2  -|-  to 
4  -f  complement  fixation.  In  justice  to  the  cultural  method,  however,  it 
should  be  noted  that  in  6  of  these  8  smear-positive  cases,  the  smears 
from  the  urethra  alone  were  positive,  whereas  the  material  for  culture 
was  obtained  from  the  cervix  uteri ;  also  that  the  results  given  in  table  5 
for  fixation  and  smear  examinations  were  the  optimal  ones  of  repeated 
tests,  whereas  in  the  great  majority  of  these  patients  only  a  single 
cultural  test  was  made. 

As  regards  diagnosis  by  means  of  gram-stained' smear  examinations 
our  results  would  seem  to  indicate  that  this  method  would  be  likely  to 
yield  a  considerably  smaller  percentage  of  definitely  positive  diagnoses 
than  the  cultural  methods  which  we  have  employed.  The  relation  of  the 
findings  with  these  two  methods  is  summarized  on  page  151.  It  is  stated 
there  that  19  of  the  26  culturally  positive  cases  gave  only  the  observa- 
tion type  of  smear  and,  on  the  other  hand,  that  many  of  the  culturally 
negative  cases  also  gave  this  type  of  smear.    These  observation  smears, 
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however,  give  no  more  definite  information  than  their  name  implies, 
namely,  merely  denoting  the  presence  of  an  inflammatory  condition  in 
the  urethra  or  cervix  uteri,  due  to  some  pyogenic  organism,  quite 
possibly  to  the  gonococcus.  It  is  not  unhkely,  in  fact,  that  secondary 
infections  of  these  locaHties  by  streptococci  of  low  grade  virulence  or 
other  similar  organisms  persisting  after  the  disappearance  of  the  gono- 
coccus might  well  be  accountable  for  some  of  these  observation  types  of 
smears  and  hence,  if  much  dependence  is  placed  on  this  finding,  the 
release  of  such  cases  might  be  delayed  longer  than  is  necessary. 

As  regards  the  fixation  test,  there  has  been  included  in  our  list  of 
positive  gonococcus  diagnoses  all  of  the  one-plus  or  weakly  positive 
reactions.  This  has  been  done  because  in  Miss  Wilson's  two  previous 
studies  ^'''  it  has  been  demonstrated  that  this  test  is  highly  specific  and 
that  even  weakly  positive  reactions  may  be  considered  as  diagnostic  of 
a  gonorrheal  infection.    In  these  studies  it  is  reported : 

1.  No  degree  of  complement  fixation  was  obtained  in  cases  known 
as  nongonoTheal.  Those  controls  included  345  cases  diagnosed  as 
nongonorrheal  and  4  normal  laboratory  workers. 

2.  The  reaction  reported  as  one-plus  represents  a  definitely  positive 
result  and  has  had,  in  some  instances,  a  comparative  reading  by  a  repre- 
sentative of  another  laboratory  of  2-plus  or  even  higher. 

3.  Some  of  our  one-plus  reactions  have  persisted  for  from  5  to  11 
weeks.  These  tests  were  carefully  controlled  and  could  not  be  con- 
sidered as  "doubtful"  from  the  point  of  view  of  technic. 

4.  The  clinicians  of  the  Venereal  Disease  Service  of  the  New  York 
City  Health  Department,  as  the  result  of  a  long  series  of  observations, 
have  come  to  regard  a  one-plus  reaction  as  diagnostic  of  gonococcus 
infection.  To  quote  Dr.  Barringer's  opinion  in  a  recent  paper :  "^ 
"Further  study  of  groups  of  cases  with  special  reference  to  undetected 
foci  of  gonococcus  infection  may  establish  the  fact  that  the  complement 
fixation  test  is  the  surest  means  of  estimating  when  a  cure  has  been 
effected  and  that  we  are  justified  in  keeping  the  patient  under  treatment 
as  long  as  these  tests  remain  positive." 

It  would  seem,  then,  that  in  the  chronic  stage  of  gonorrheal  infection 
and  also  in  the  clinically  doubtful  cases  complement-fixation  tests,  care- 
fully controlled,  will  give  a  much  higher  percentage  of  positive  diag- 
noses than  cultures  or  smears  (table  3)  and  that  this  test  constitutes  at 
present  the  simplest  and  most  effective  single  guide  for  the  control  of 

8  N.  Y.  State  Med.  Jour.,  1922,  22,  p.  145. 
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such  cases.  On  the  other  hand,  it  should  be  noted  that  some  positive 
cases  will  be  missed  if  dependence  is  placed  on  complement  fixation 
and  smear  examinations  alone.  As  is  shown  in  table  4,  four  of  the  16 
culturally  positive  cases  (25%)  gave  persistently  negative  fixation  tests 
and  also  indefinite  smears  (observation  cases).  The  clinical  diagnosis 
for  3  of  these  cases  was  chronic  gonorrhea  and  for  the  other  "doubt- 
ful gonorrhea."  Then,  too,  a  persistent  one-plus  reaction  may  mean  in 
some  cases  past  rather  than  present  infection  with  the  gonococcus.  We 
do  not  know  how  long  the  antibodies  may  linger  in  the  body  after  the 
period  of  actual  infection  has  terminated. 

SUMMARY 

By  way  of  a  general  conclusion  it  may  be  stated  that  the  smear, 
cultural  and  complement-fixation  methods  of  diagnosis  in  chronic  gonor- 
rhea in  women  have  all  proved  useful,  and  that  their  relative  values 
correspond  to  the  order  in  which  they  are  named,  the  last  being  the 
most  valuable.  Whenever  possible,  however,  each  test  should  be  carried 
out.  as  it  is  shown  that  they  tend  to  supplement  each  other. 

It  would  seem  likely  that  the  cultural  methods  utilized  in  this  study 
might  find  their  most  useful  application,  as  far  as  public  health  work 
is  concerned,  in  controlling  the  period  of  detention  of  infected  women 
undergoing  treatment  and  also  in  determining  when  cases  of  vulvo- 
vaginitis in  children  may  be  pronounced  cured.  With  all  such  patients, 
of  course,  local  treatments  should  be  stopped  at  least  4  or  5  days  before 
the  cultures  are  made.  In  women  patients  material  should  be  obtained 
for  culture  from  both  the  urethra  and  the  cervix  uteri.  At  best  it  must 
be  admitted  that  the  conditions  essential  for  the  isolation  of  the 
gonococcus  from  these  chronic  infections  of  women  are  exacting  and 
can  be  met  only  by  one  experienced  in  bacteriologic  technic  and  with 
the  facilities  of  a  well-equipped  laboratory.  In  spite  of  the  greatest 
precautions,  too,  the  plates  at  times  may  become  overgrown  with  con- 
taminating bacteria.  The  method  is  also  more  time-consuming  than  are 
the  smear  and  complement-fixation  procedures.  A  positive  report  cannot 
be  made,  at  the  earliest,  before  2  days  and  for  a  negative  report  from 
4  to  5  days  may  be  required.  One  the  other  hand,  the  isolation  of  the 
gonococcus  from  one  of  these  patients  answers  the  question  of  infec- 
tion in  an  entirely  definite  way  and,  under  certain  conditions,  the  results 
obtained  may  well  repay  the  time  and  trouble  necessary  for  the  applica- 
tion of  these  cultural  procedures. 


Tic 
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From  time  to  time,  within  recent  years,  the  use  of  autogenous 
B.  coll  vaccines  has  been  advocated  as  a  therapeutic  measure  in 
the  treatment  of  such  conditions  as  chronic  intestinal  toxaemia 
(1)  and  eczema  (2)  on  the  assumption  that  the  toxic  substances 
giving  rise  to  these  conditions  are  produced  through  the  activi- 
ties of  certain  B.  coli  vegetating  in  the  intestinal  tract,  and  that 
these  strains  may  be  suppressed  or  eliminated  through  specific 
immunization.  Apparently,  however,  this  mode  of  treatment 
has  not  been  substantiated  by  any  experimental  evidence  either 
that  the  B.  coli  of  the  intestinal  tract  may  be  controlled  through 
specific  therapy  or,  if  particular  strains  are  reduced  in  numbers 
through  this  procedure,  that  the  effect  obtained  is  more  than 
transitory.  The  study  reported  here  was  undertaken  with  the 
hope  of  throwing  some  light  upon  these  points. 

Normal  dogs  were  utilized  in  these  experiments  in  which  an 
attempt  was  made  to  reduce  in  numbers  or  eliminate  certain 
strains  of  B.  coli  naturally  vegetating  in  their  intestines. 

All  organisms  belonging  in  the  colon  group  ferment  lactose, 
but  only  certain  varieties  split  sucrose.  Advantage  was  taken 
of  these  distinctions  within  the  group  in  selecting  strains  for  the 
preparation  of  the  vaccine  and  in  estimating  the  specific  effect 
of  inoculation  on  the  distribution  of  colon  types  in  the  fecal 
specimens.  In  other  words,  if  there  exists  any  rational  basis 
for  attempting  to  control  in  a  practical  way  through  specific 
vaccine  therapy  the  types  of  B.  coli  within  the  intestinal  tract, 

133 


134  JOHN    C.    TORREY    AND    A.    H.    R.\HE 

then  in  these  experiments  inoculation  with  representatives  of 
the  sucrose-positive  B.  coli  should  cause  an  elimination  or,  at 
least,  a  marked  reduction  of  these  types  as  revealed  in  examina- 
tions of  the  fecal  specimens. 

The  dogs,  used  in  these  experiments,  were  kept  on  a  constant 
diet  of  boiled  rice  and  boiled  beef  hearts  in  the  ratio  by  weight 
of  about  2  to  1.  This  diet  was  found  by  one  of  us  (3)  to  be 
favorable  for  the  development  of  an  intestinal  flora  dominated 
by  B.  coli.  In  fact  often  the  only  colonies  appearing  on  the 
Endo  plates  were  B.  coli-like.  The  am.ount  of  rice  and  meat 
fed  was  not  weighed  each  day,  as  there  would  be  no  advantage 
in  such  precautions,  but  the  relative  proportions  were  kept 
approximately  constant. 

The  fecal  specimens  were  natural  movements  collected  in  the 
morning.  Rather  heavy  emulsions,  representative  of  the  whole 
stool,  were  made  in  normal  saline  solution,  and  from  suitable 
dilutions  Endo  plates  were  seeded.  In  the  preparation  of  these 
Endo  plates  sucrose  was  substituted  for  the  usual  lactose.  On 
these  plates,  of  course,  the  sucrose  fermenting  strains  of  B.  coli 
appeared  as  red  colonies,  whereas  the  varieties  of  B.  coli  which 
cannot  split  sucrose  gave  rise  to  white  colonies.  After  twenty- 
four  or  more  hours  incubation  the  ratio  of  ''whites"  to  ''reds" 
among  the  B.  coK-like  colonies  was  determined  and  recorded. 
Frequent  control  tests  were  made  to  demonstrate  the  sucrose 
fermenting  properties  of  the  bacilli  forming  the  red  colonies  and 
they  were  invariably  found  capable  of  spUtting  this  sugar. 
Differential  cultural  tests  were  also  carried  out  on  a  large  number 
of  isolated  strains  to  establish  their  identity.  Among  the  several 
hundred  cultures  examined  no  representative  of  the  B.  aerogenes 
type  was  encountered.  Of  one  hundred  sucrose-positive,  gela- 
tin-negative cultures  from  one  dog  thirty  were  positive  for  salicin 
and  seventy  were  negative.  According  to  Levine's  (4)  classifica- 
tion of  the  sucrose  fermenters  the  salicin-positive  types  should 
be  designated  as  B.  neapolitanus  and  the  salicin-negative  as 
B.  communior  or  B.  coscoroba  depending  upon  motility.  Among 
three  out  of  the  four  dogs  differential  fermentation  tests  with 
the  sucrose-positive  B.  coli  showed  the  salicin-negative  types 
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considerably  in  the  majority.  Gelatin  liquefying  strains  among 
the  sucrose-positive  cultures  seemed  to  be  comparatively  rare  as 
out  of  150  strains  examined  only  10  liquefied  gelatin;  accordingly 
about  7  per  cent  of  these  cultures  should  be  placed  in  the  B. 
cloacae  group.  The  main  objective  in  these  differential  cultural 
tests  was,  of  course,  the  selection  of  sucrose-positive  B.  coli 
representative  of  all  present  in  the  intestinal  flora.  All  the 
varieties  of  sucrose-positive  B.  coli  isolated  were  incorporated 
in  the  vaccine  except  the  gelatin  liquefiers. 

For  the  purpose  of  these  experiments,  then,  a  definite  group 
of  B.  coli,  viz.,  the  sucrose  ferment ers,  was  selected  to  test  the 
practicability  of  controlling  these  and  related  intestinal  organ- 
isms through  specific  immunization.  These  bacilli  are  constant 
and  normal  inhabitants  of  the  intestinal  tract  and  ones  which 
may  be  recognized  readily  through  differential  cultural  and 
serological  tests.  In  some  ways  it  would  have  been  preferable 
if  bacterial  species  foreign  to  the  intestinal  tract  could  have 
been  utilized.  Implantation  of  such  foreign  strains,  however, 
does  not  seem  to  be  possible,  and  no  experiments  along  that 
line  were  attempted. 

Preliminary  examinations  for  each  animal  were  made  at 
regular  intervals  for  a  period  of  four  to  six  weeks  with  the  pur- 
pose of  determining  not  only  the  average  ratio  and  the  degree 
of  variation  in  the  comparative  prevalence  of  the  red  and  white 
colon  colonies  for  the  normal  animal,  but  also  for  the  selection 
of  representatives  of  the  main  cultural  variants  among  the 
sucrose-positive  B.  coli.  With  these  selected  cultures  a  vaccine 
was  prepared  and  also  rabbits  were  immunized  for  the  produc- 
tion of  a  specific  anti-serum.  When  the  range  in  the  ratio  of 
the  red  and  white  colonies  for  the  normal  animal  had  been  deter- 
mined, a  series  of  vaccine  inoculations  were  given  and  the  cul- 
tural examinations  were  continued  at  frequent  intervals.  At 
each  plating  during  the  period  of  immunization  ten  well  isolated 
red  colonies  were  transferred  to  agar  slants  and  agglutination 
tests  were  carried  out  with  each,  by  using  the  serum  from  the 
rabbit  inoculated  with  the  vaccine  cultures.  This  anti-serum 
had  a  titer  of  1-5000  to  1-10,000  for  each  of  the  vaccine  cultures. 
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Tests  with  the  isolated  strains  were  made  macroscopically  at 
dilutions  of  1-50  and  1-500.  A  sucrose-positive  strain  was  not 
considered  serologically  related  to  the  vaccine  cultures  unless  it 
was  definitely  agglutinated  at  the  1-500  dilution.  The  object 
of  the  agglutination  tests  was  to  determine  whether  the  sucrose- 
positive  B.  coli  persisting  in  the  intestinal  tract  in  spite  of  the 
vaccine  treatments  were  serologically  related  to  the  strains  used 
in  the  vaccine  or  were  entirely  distinct  strains  which  had  grown 
up  and  replaced  the  originally  prominent  sucrose-positive  B.  coli 
types. 

As  has  already  been  intimated,  both  the  salicin-positive  and 
the  salicin-negative  representatives  of  the  sucrose-positive  B.  coli 
were  selected  in  preparing  the  autogenous  vaccine.  Agar  slant 
cultures  of  these  strains  were  emulsified  in  normal  saline  and 
killed  by  exposure  at  60°C.  for  one  hour;  the  count  was 
determined  by  the  Wright  method.  The  dog  inoculations  were 
given  subcutaneously  generally  every  two  or  three  days  for  three 
or  four  treatments  and  then  after  an  interval  of  a  week  or  more 
the  series  of  injections  were  repeated.  The  dosage  in  general 
ranged  from  one  billion  to  eight  billion.  Except  for  a  fairly 
marked  loss  of  weight  the  animals  seemed  to  suffer  no  ill  effect 
from  the  inoculations. 

In  connection  with  each  of  the  four  experimental  animals 
evidence  was  produced  that  treatment  with  an  autogenous 
B.  coli  vaccine  tended  to  cause  a  reduction  in  numbers  and,  in 
some  instances,  an  apparently  almost  complete  elimination  of 
the  particular  varieties  of  B.  coli  used  for  immunization.  This 
elimination,  however,  was  more  apparent  than  real;  for  subse- 
quent examinations  would  reveal  the  presence  of  the  same  colon 
tjT^es,  although  it  might  be  in  very  small  numbers.  In  fact 
there  was  no  evidence  that  it  was  possible,  even  with  very  large 
dosage  of  antigen  to  cause  their  disappearance  permanently  and 
completely. 

In  the  tabulation  the  results  for  each  dog  is  given.  As  may  be 
noted,  a  considerable  individual  variation  was  encountered  in 
the  readiness  and  degree  to  which  the  animals  reacted  to  the 
vaccine.     Dogs  2  and  3  responded  quite  readily,  whereas  num- 
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bers  1  and  4  were  more  refractory.  With  dog  1  a  prelim- 
inary examination  period  of  five  weeks  revealed,  on  the 
average,  an  approximately  equal  number  of  red  (sucrose-posi- 
tive) and  white  (sucrose-negative)  B.  coli  colonies.  Following  a 
billion  dosage  of  the  autogenous  vaccine,  repeated  four  times, 
the  relative  number  of  red  colonies  decreased  until  a  week  after 
the  last  injection  they  were  outnumbered  by  the  white  colonies, 
9  to  1.  Soon,  however,  although  an  increased  dosage  was  given, 
a  change  occurred  in  the  ratio  which  would  have  been  misleading 
unless  agglutination  tests  had  been  carried  out  simultaneously. 
Apparently  the  vaccine  had  lost  its  effectiveness  in  that  the 
white  B.  coli  colonies  were  outnumbered  by  the  red  on  the 
average  1  to  2.  That  this  inference  had  no  basis  in  fact  was 
revealed  in  an  examination  of  the  agglutination  results.  For, 
whereas,  in  the  previous  period  91  per  cent  of  the  red  colonies 
surviving  the  vaccine  treatment  yielded  positive  agglutinations 
at  1-500  dilution  of  the  anti-serum,  now  an  average  of  only  26 
per  cent  agglutinated  positively;  indicating  that  serologically 
unrelated  strains  of  sucrose-positive  B.  coli  had  grown  up  and 
replaced  the  original  varieties  with  which  the  vaccine  was  pre- 
pared. Further  examinations  indicated  that  this  substitution 
was  only  temporary  as  at  the  end  of  the  period  of  examinations 
of  this  dog  86  per  cent  of  the  sucrose-positive  B.  coli  aggluti- 
nated positively  with  the  specific  anti-serum,  although  on  the 
average  the  white  colonies  now  outnumbered  the  red  five  to  one. 
This  tendency  of  serologically  unrelated  strains  of  sucrose- 
positive  B.  coli  to  grow  up  was  noted  also  with  dogs  2  and  3, 
appearing  in  each  instance  at  about  the  same  stage  of  the  im- 
munization process,  but  in  no  case  could  these  substituting 
strains  maintain  themselves. 

In  experiments  of  this  character  it  is  important  to  carry  out  a 
long  series  of  preliminary  observations  to  determine  the  degree 
to  which  the  types  of  B.  coli  selected  vary  in  numbers  under 
ordinary  conditions.  A  period  of  six  to  eight  weeks  was  con- 
sidered adequate  for  this  purpose.  After  inoculations  were 
started  about  two  to  three  weeks  elapsed  before  definite  results 
were  noted  in  the  differential  B.  coli  determinations.     In  dog  3 
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an  apparent  rapid  elimination  of  sucrose-positive  strains  occurred 
within  a  week  after  the  first  treatment  with  the  vaccine.  It  is 
questionable,  however,  if  this  change  may  be  ascribed  to  the 
specific  action  of  the  vaccine.  As  regards  dosage  it  was  found 
than  an  inoculation  with  about  2  to  4  billion  B.  coli  secured  the 
maximum  effect,  and  that  nothing  w^as  gained  by  increasing  the 
amount  above  this  point.  In  one  experiment  a  dosage  as  small 
as  100  million  was  employed.  After  five  inoculations  covering 
a  period  of  three  weeks  there  seemed  to  be  some  slight  effect, 
but  not  as  definite  as  following  the  larger  dosage. 

Observations  were  not  continued  long  enough  to  determine 
definitely  how  enduring  the  effect  of  the  inoculations  might  be. 
In  the  case  of  one  animal,  dog  2,  the  effect  was  undiminished 
after  the  lapse  of  ten  weeks  following  the  last  of  a  series  of  six 
inoculations.  With  dog  3  the  effect  seemed  to  have  largely 
worn  off  in  seventeen  weeks,  but  during  the  interval  the  diet 
had  been  somewhat  changed.  Diet,  in  fact,  is  the  factor  of 
prime  importance  in  the  determination  of  the  types  of  bacteria 
pullulating  in  the  intestinal  tract,  and  without  an  uniform  diet 
the  results  of  these  experiments  would  have  been  indefinite  and 
misleading.  An  experiment  with  dog  4  showed  how  readily 
modification  of  the  diet  would  upset  the  relative  distribution  of 
B.  coli  types  established  through  vaccine  inoculations.  A  week 
after  the  animal  had  completed  the  immunization  process  and 
the  sucrose-negative  B.  coli  had  become  predominant,  fifty 
grams  of  lactose  was  added  to  the  diet  of  rice  and  meat.  Within 
three  days  there  was  noted  a  very  marked  increase  in  the  B.  coli 
count  with  about  an  equal  number  of  red  and  white  B.  coli 
colonies  on  the  Endo  plates.  This  apparent  inhibition  of  the 
specific  repressive  action  of  B.  coli  inoculations  continued  as  long 
as  lactose  was  a  part  of  the  diet. 

Although  the  question  of  the  relative  effect  of  autogenous  and 
heterogenous  vaccines  was  not  made  a  feature  of  this  study, 
yet  some  experiments  with  dog  2  indicated  that  to  obtain  marked 
results  it  was  necessary  to  use  an  autogenous  vaccine.  After  a 
preliminary  observation  period  of  six  weeks,  this  animal  was 
given  three  weekly  inoculations  of  the  B.  coli  vaccine  prepared 


EFFECT  OF  AUTOGENOUS  B.  COLI  VACCINES        139 

from  cultures  derived  from  dog  1  in  a  dosage  of  two  billion. 
Very  little  in  the  way  of  definite  effect,  however,  was  noted  until 
an  autogenous  vaccine  was  used  when  a  marked  and  persistent 
decrease  in  the  relative  numbers  of  the  sucrose-positive  B.  coli 
followed. 

With  one  animal  (dog  4)  an  attempt  was  made  to  correlate 
the  cultural  results  with  the  rise  of  antibody  (agglutinin)  in  the 
blood  following  the  inoculations.  The  serum  from  this  animal 
before  inoculation  agglutinated  an  autogenous  sucrose-positive 
B.  coli  culture  at  1-160  dilution.  This  amount  of  agglutinin 
showed  first  a  definite  enhancement  about  two  w^eeks  after  a 
series  of  three  inoculations  had  been  given,  when  the  titer  rose 
to  1-640.  Shortly  after  this  increase  in  anti-body  content  of 
the  blood,  a  definite  decrease  occurred  in  the  number  of  sucrose- 
positive  B.  coli  in  the  fecal  specimens  examined.  Continued 
inoculations  with  larger  doses  of  the  vaccine  finally  sent  the 
titer  up  to  1-1280,  with  a  coincident  repression  of  the  sucrose- 
positive  B.  coli  as  shown  in  the  tabulation.  A  number  of  agglu- 
tination tests  with  extracts  of  the  fecal  matter  were  carried  out 
to  determine  to  what  extent  this  antibody  found  its  way  into 
the  intestinal  tract.  Positive  results  were  obtained  with  watery 
defecations  and  especially  with  saline  extracts  of  the  mucus, 
but  not  with  extracts  from  emulsions  of  the  formed  or  semi- 
formed  matter. 

These  experiments  with  dogs  have  established  the  fact  that 
it  is  possible  through  the  use  of  autogenous  vaccines  to  effect  at 
least  a  temporary  suppression  of  corresponding  strains  of  B.  coli 
naturally  vegetating  in  the  intestinal  tract.  Assuming  that 
some  varieties  of  B.  coli  may  be  of  importance  in  connection 
with  intestinal  toxaemia,  a  certain  amount  of  experimental 
justification  is  accorded  the  employment  of  an  autogenous  vac- 
cine therapy.  In  fact  it  should  be  much  easier  to  effect  by  this 
means  the  suppression  of  parasitized  B.  coli  than  of  the  normal 
vegetative  types  which  are  firmly  established  in  the  intestinal 
tract.  Such  being  the  case  one  of  the  real  difficulties  in  applying 
this  form  of  therapy  is  to  determine  just  what  strains  of  B.  coli 
may  be  giving  rise  to  toxic  products  and  to  incorporate  these  in 
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the  vaccine.  Apparently  heretofore  vaccines  of  this  character 
have  been  made  up  in  a  rather  hit  or  miss  fashion.  It  should 
also  be  borne  in  mind  that  diet  is  the  most  important  factor  in 
the  regulation  of  the  intestinal  flora.  In  fact  these  experiments 
indicate  that  an  attempt  to  control  types  of  bacteria  germinat- 
ing in  the  intestinal  tract  through  specific  vaccine  therapy  is 
futile  unless  the  diet  is  also  carefully  regulated. 

CONCLUSIONS 

1.  In  the  case  of  a  number  of  dogs  it  has  been  found  possible 
to  effect  the  temporary  suppression  of  a  certain  variety  of  B. 
coll  normal  to  the  intestinal  tract  through  inoculations  with  a 
specific  vaccine. 

2.  Autogenous  vaccines  are  apparently  necessary  for  marked 
results  and  the  dosage  must  be  large. 

3.  Cultural  results  indicating  a  decrease  in  numbers  of  the 
type  of  B.  coll  in  question  were  associated  with  a  coincident  rise 
of  specific  anti-body  in  the  blood. 

4.  A  uniform  diet  must  be  maintained,  otherwise  the  effect  of 
the  vaccine  will  be  obscured. 
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A  CULTUR.\L  STUDY  OF  ANAEROBIC    SPORE-BEARING 
BACTERIA  WITH  STRAINS  ISOLATED  BY  THE "  BARBER 
SINGLE  CELL  TECHNIC  * 

Morton  C.  Kahn 
{Department  of  Hygiene,  Cornell  University  Medical  College,  New  York  City.) 

Everyone  familiar  with  the  Kterature  concerning  anaerobic 
spore-bearing  bacteria  doubtless  has  been  impressed  with  the 
dissimilarity  of  the  cultural  reactions  as  reported  by  various 
observers.  Aside  from  faulty  technic  and  a  seeming  zeal  on 
the  part  of  many  investigators  to  discover  new  species  within 
this  complicated  group,  impurity  of  culture  seems  to  be  re- 
sponsible for  much  of  the  chaotic  condition  in  which  we  now 
find  a  large  part  of  the  subject.  One  of  the  outstanding  sources 
of  error  as  regards  impurity  of  culture  is  the  difficulty  often 
encountered  when  an  attempt  is  made  to  obtain  a  pure  culture 
from  a  single  surface  or  deep  colony.  This  point  has  been 
brought  out  by  Hall  ^  and  others  but  little  notice  seems  to  have 
been  taken  of  it.  I  have  found  on  numerous  occasions  that  a 
single  colony  of  a  supposedly  pure  culture  of  B.  welchii,  for 
instance,  may  be  planted  into  media  of  differential  value  and 
after  twenty-four  or  forty-eight  hours  incubation  give  rise  to 
the  usual  typical  reaction.  But  often  upon  standing  in  the 
laboratory  for  a  few  days,  proteolytic  activities  suddenly  make 
their  appearance.  This  secondary  action  of  a  so-called  pro- 
teolytic ferment  in  the  case  of  B.  welchii  seems  to  have  been 
noted  by  so  many  observers,  that  it  is  often  considered  one  of 
the  cultural  characteristics  of  the  organism.  I  have  found, 
however,  that  the  strains  subjected  to  isolation  by  the  Barber 
technic  •^^  did  not  show  the  slightest  evidence  of  proteolysis 
even  over  a  period  of  eight  months. 

In  a  study,  now  in  course  of  preparation,  on  the  types  of 
anaerobic  spore  bearers  occurring  in  human  feces  it  has  often 

*  Received  for  publication,  February  26,  1922. 
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been  my  experience  that  a  single  colony,  even  as  occurring  in 
deep  shake  culture,  may  be  composed  of  individuals  of  more 
than  one  species  and  for  this  reason  the  dilution  method  has 
not  been  wholly  relied  upon  as  a  means  of  obtaining  pure  cul- 
ture. However,  the  dilution  method  of  Veillon  and  Zuber  ^^ 
when  supplemented  by  reisolation  with  the  Barber  single  cell 
apparatus  has  been  found  to  be  wholly  reliable  for  obtaining 
those  organisms  in  pure  condition. 

The  world  war  stimulated  much  study  on  anaerobic  bacteria 
and  during  the  past  few  years  many  valuable  contributions 
have  been  made.  At  final  analysis,  however,  none  of  the  cul- 
tures used  by  the  various  observers  would  seem  entirely  free 
from  the  possibility  of  impurity. 

It  has  been  the  writer's  good  fortune  to  come  into  the  pos- 
session of  a  collection  of  fifteen  anaerobic  spore-bearing  bac- 
teria of  different  species  whose  origin  and  purity  of  culture 
seems  beyond  question  and  it  is  the  purpose  of  this  paper  to 
record  in  detail  the  results  of  cultural  observations  made  upon 
these  organisms.  A  review  of  the  literature  has  impressed  the 
writer  with  the  fact  that  a  large  number  of  observers  have 
failed  to  publish  in  sufficient  detail  the  methods  employed, 
contenting  themselves  with  recording  their  results  and  leaving 
the  technic  by  which  such  results  were  obtained  largely  to  the 
reader's  imagination.  Care,  has,  therefore,  been  taken  to 
trace  the  course  of  this  study  step  by  step. 

The  literature  having  been  but  recently  quite  thoroughly 
reviewed  by  Heller  ^'  ^°'  ^\  no  attempt  has  been  made  to  go  into 
the  matter  here. 

My  observations  are  at  variance  with  those  made  by  Robert- 
son,* Henry,^^  and  others  regarding  the  value  of  methods  of 
differentiation  through  colony  morphology.  As  will  presently 
be  seen,  methods  for  obtaining  surface  growth  were  found  to  be 
unreliable,  and  the  colonies  in  deep  culture  were  found  to  vary 
so  much  under  conditions  of  differences  in  moisture,  type  of 
media,  age  of  culture,  and  hydrogen  ion  concentration  of  the 
media,  that  no  emphasis  has  been  placed  upon  this  as  a  point 
of  differential  value.  Even  when  organisms  were  planted  upon 
the  same  medium,  specific  morphological  differences  were  in 
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the  main  found  to  be  slight  and  with  the  exception  of  one  or 
two  species  gave  no  aid  in  teUing  one  species  from  another. 

The  following  organisms  were  used  in  this  study: 

Strains  used 

B.  sporogenes  (Metchnikoff)  -^    i 

B.  histolyticus  (Weinberg)  ^o 2 

B.  oedematis  maligni  (Koch)  '" i 

B.  botulinus  (van  Ermengen)  ^^ i 

B.  putrificus  (Bienstock)  ^i   3 

B.  tetani  (Kitasato)  '^  (Nicolair)  3«    3 

B.  bifermentans  (Tisser  and  Mar  telly)  ^*    i 

B.  bellonensis  (Sacquepee  and  Veillon)  =*'- '. i 

B.  aerofoetidis  (Wienberg)  -** i 

B.  oedematiens  (Wienberg)  -^ i 

Vibrion  septique  (Pasteur)  ^s    i 

B.  of  Ghon  and  Sachs  (Ghon  and  Sachs)  ^''   i 

B.  faUax  (Weinberg)  -" i 

B.  welchii  (Welch  and  Nuttall)  "-' 4 

B.  tertius  (Henry),"  (Flemming),^^  (Rodella),^^  (Robertson), ^ 

(von  Hibler)  -^ 2 

The  writer  obtained  the  entire  collection  from  Dr.  M.  A.Bar- 
ber and  they  were  used  by  Dr.  Barber  ^  in  his  investigation 
upon  the  use  of  the  single  cell  apparatus  in  isolating  anaerobic 
bacteria  in  pure  culture.  The  cultures  of  B.  sporogenes,  B. 
histolyticus,  B.  putrificus,  B.  oedematis  maligni,  B.  bifermen- 
tans, B.  bellonensis,  B.  aerofoetidis,  B.  oedematiens,  Vibrion 
septique,  B.  of  Ghon  and  Sachs,  B.  fallax,  and  B.  tertius  were 
obtained  primarily  by  Dr.  Benjamin  Jablons  (late  Major, 
M.  C,  U.  S.  A.)  directly  from  Dr.  Weinberg  of  the  Pasteur 
Institute,  Paris.  As  may  be  noted  from  the  list,  Weinberg 
originally  isolated  and  described  a  considerable  number  of  the 
organisms  here  studied,  and  as  these  particular  strains  were 
obtained  from  his  laboratory  there  can  be  no  question  as  to 
their  identity  with  the  original  Weinberg  types.  The  bacteria 
obtained  from  the  Pasteur  Institute  were  isolated  from  in- 
fected war  wounds. 

Duplicate  cultures  of  the  organisms  listed  were  obtained 
from  other  sources  from  time  to  time.  These  were  subjected 
to  the  single  cell  method  of  isolation  at  first  by  Dr.  Barber,  and 
later  by  the  writer. 
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Of  the  original  collection  it  may  be  said  that  they  were  not 
even  transplants  of  cultures  of  single  cell  parentage,  but  the 
actual  single  organism  seeded  into  suitable  culture  media. 
Thus  the  purity  and  authenticity  of  these  strains  seems  beyond 
question. 

Since  the  results  herein  set  down  were  obtained  from  the 
study  of  one  or  at  most  four  separate  cultures  of  the  different 
species,  no  claims  are  made  to  the  effect  that  these  cultural 
reactions  would  be  exactly  constant  for  all  representatives  of  a 
given  species. 

Hort  ^-  has  criticized  the  Barber  single  cell  technic  on  the 
following  grounds: 

1.  Once  the  pipette  has  been  removed,  re-examination  to  determine 
whether  more  than  one  organism  is  or  is  not  present,  is  impossible. 

2.  Control  observations  of  development  from  single  cell  to  single 
colony  cannot  be  carried  out  owing  to  the  exclusive  use  of  liquid 
media  in  the  early  stages. 

3.  The  optical  difficulties  attendant  on  the  examination  of  droplets. 

The  first  objection  is  obscure  but  in  answer  I  would  say  that 
the  droplet  containing  the  single  microorganism  may  be  thor- 
oughly examined  for  evidence  of  a  second  organism  by  the  high 
power  or  oil  immersion  lens  before  the  pipette  containing  the 
single  cell  is  removed.  In  fact,  the  operator  may  with  ease 
watch  the  single  bacillus,  droplet  and  all,  flow  into  the  waiting 
capillary  tube.  No  re-examination  would  seem  to  be  called  for 
unless  it  be  of  the  late  seat  of  the  droplet,  to  see  whether  or  not 
the  bacillus  has  entered  the  pipette.  It  is  true  that  at  times  a 
spore  will  tenaciously  cling  to  the  cover  slip  and  refuse  to  enter 
the  waiting  pipette  until  a  considerable  degree  of  suction  has 
been  applied.  Such  instances  are  relatively  rare  and  a  second 
examination  of  the  droplet  will  determine  whether  or  not  the 
organism  has  been  dislodged. 

As  to  the  second  criticism,  it  is  a  relatively  simple  matter  to 
cultivate  a  colony  of  an  anaerobic  organism  from  a  single  cell, 
under  observation.  The  method  is  as  follows :  After  the  droplet 
containing  the  single  cell  has  been  sucked  into  the  pipette,  in- 
stead of  removing  the  capillary  tube  from  the  pipette  holder  it 
is  so  manipulated  as  to  bring  it  under  a  droplet  of  nutrient  agar 


ANAEROBIC   SPORE-BEARING   BACTERIA  1 59 

of  I  or  I  per  cent.  A  small  amount  of  this  is  sucked  up  into  the 
pipette  and  the  small  glass  hook  containing  the  single  cell  is 
broken  off  into  the  residual  portion  of  the  agar  droplet  by  bring- 
ing pressure  to  bear  with  the  vertical  control  screw.  The  agar 
hardens  and  forms  rather  an  effective  seal.  In  this  manner  a 
single  cell  of  an  anaerobic  organism  may  be  frequently  ob- 
served to  grow  into  a  single  colony. 

The  third  objection  was  answered  by  Barber  ^  and  the  writer 
can  do  no  better  than  to  quote  him  to  the  effect  that  one  is  able 
to  see  any  organism  in  the  droplet  visible  to  the  microscope, 
and  further,  that  the  drop  is  not  large  and  rounded  so  as  to 
hide  an  organism  in  its  depths,  but  flat  and  small;  thus  all 
parts  are  easily  visible. 

The  unfavorable  results  which  some  investigators  have  had 
with  this  apparatus  are  no  doubt  due,  in  part  at  least,  to  the 
fact  that  the  method  is  difficult  to  learn  from  a  reading  of  the 
literature.  There  are  numerous  minor  details  of  operation 
which  are  only  to  be  gathered  by  watching  the  actual  manipu- 
lation of  the  apparatus,  or  better  yet  by  operating  it  oneself 
under  the  guidance  of  someone  familiar  with  it. 

The  Barber  method  of  isolation  proved  entirely  satisfactory 
for  the  purpose  of  this  study,  so  much  so,  in  fact,  that  it  would 
seem  to  be  the  most  feasible  and  satisfactory  way  of  obtaining 
anaerobic  spore-bearing  bacteria  in  pure  culture. 

As  to  a  preference  for  transplanting  single  spores  rather  than 
single  bacilli  when  using  the  single  cell  method  of  isolation,  my 
results  agree  with  those  reported  by  Barber  ^  who  found  that 
single  spores  give  by  far  the  largest  number  of  successful  cul- 
tures. Such  organisms  as  tenaciously  refuse  to  sporulate  upon 
ordinary  laboratory  media  may  be  induced  to  do  so  by  planting 
them  upon  a  subsequently  described  sugar  free  nutrient  sub- 
stance.   (See  morphological  descriptions.) 

Stock  Cultures.  —  The  entire  collection  of  stock  cultures 
was  kept  alive  upon  one-half  per  cent  of  beef  infusion  agar  to 
which  had  been  added  two  per  cent  of  Wolf's  casein  digest 
substance  (see  fermentation  tests  for  formula).  Animal  serum 
so  widely  used  by  many  observers  as  an  enriching  agent  was 
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not  employed. '  The  casein  digest  solution  was  found  to  be  as 
favorable  as  serum  and  has  the  added  advantage  of  being 
sterilizable  by  autoclaving  without  effecting  its  growth  stimu- 
lating properties.  It  was  found  unnecessary  to  add  any  car- 
bohydrate to  the  stock  media.  Anaerobiosis  was  induced  by 
the  vaseline  cap  boiling  method  to  be  described  in  detail  later. 
The  media  was  at  all  times  adjusted  to  the  hydrogen  Ion  con- 
centration of  Ph.  7.2.  This  was  found  to  be  the  most  favorable 
point  of  growth  for  all  of  the  test  organisms.  My  results  here 
agree  with  those  obtained  by  Dernby  and  Blank.^'^ 

It  would  seem  that  much  unnecessary  attention  has  been 
paid  to  devising  elaborate  formulae  for  media  upon  which  to 
induce  these  organisms  to  grow,  while  the  fact  is  that  they 
multiply  rapidly  and  grow  profusely  in  comparatively  simple 
substances  if  the  hydrogen-ion  concentration  is  adjusted 
properly  and  adequate  anaerobiosis  is  obtained. 

The  cover  of  vaseline  has  the  advantage  of  affording  excel- 
lent anaerobiosis,  and  also  prevents  evaporation.  One  set  of 
cultures  kept  in  the  ice-box  were  found  alive  after  two  years 
and  upon  transplanting  invariably  gave  rise  to  luxuriantly 
growing  sub-cultures. 

As  most  of  the  organisms  are  able  to  ferment  muscle  sugar, 
the  cover  of  vaseline  is  slightly  lifted  from  the  surface  of  the 
media  through  the  pressure  of  the  gas  formed.  It  is  a  wise 
precaution,  accordingly,  after  twenty-four  hours  incubation  to 
gently  heat  the  vasehne  cap  in  the  Bunsen  burner  and  allow  it 
to  again  come  in  contact  with  the  media.  It  is  well  to  repeat 
this  procedure  after  forty-eight  hours  have  elapsed.  The  little 
gas  accumulated  after  this  time  is  not  enough  to  give  rise  to 
further  difficulty.  Unless  double  the  usual  amount  of  vaseline 
is  added  to  the  cultures  of  B .  welchii,  they  will  invariably  blow 
the  cotton  stopper  as  well  as  the  vaseline  entirely  from  the 
tube.  The  weight  of  an  additional  amount  seems  sufficient  to 
prevent  this. 

As  a  matter  of  routine  the  organisms  were  planted  upon 
fresh  media  every  three  weeks  and  as  an  added  precaution  the 
entire  collection  was  subjected  to  the  single  cell  method  of 
isolation  each  six  months. 
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From  time  to  time  cultural  tests  were  made  upon  all  organ- 
isms to  detect  possible  aerobic  contamination.  None,  however, 
occurred  during  the  entire  course  of  the  study  and  it  seems  quite 
evident  that  if  the  usual  precautions  of  technic  and  sterility 
are  observed,  one  may  expect  no  more  difficulty  in  this  regard 
than  is  experienced  with  aerobic  bacteria. 

Methods.  —  Before  attempting  this  investigation,  several 
months  were  devoted  to  a  study  of  the  methods  used  in  the 
cultivation  of  anaerobic  bacteria. 

Bulloch's  jar,  Novy's  apparatus,  Buchner's  tube,  and  a 
number  of  other  methods,  for  the  most  part  modifications  of 
the  above,  were  given  a  thorough  trial.  Vacuum  exhaustion, 
as  well  as  the  displacement  of  oxygen  with  hydrogen,  was  also 
tried.  On  the  whole  these  methods  were  uncertain  as  regards 
results  when  surface  growth  or  growth  in  liquid  media  was 
desired.  Some  of  the  organisms  not  over  fastidious  in  their 
anaerobic  requirements  did  grow  with  a  fair  degree  of  regu- 
larity. But  when  attempts  were  made  to  cultivate  anaerobes 
more  exacting  in  their  oxygen  requirements,  such  as  B.  his- 
tolyticus  or  Vibrion  septique,  negative  results  were  obtained 
in  such  a  large  number  of  cases  that  the  above  technics,  to- 
gether with  their  various  modifications,  were  discarded  as  un- 
satisfactory for  the  purposes  of  a  systematic  study  of  the 
biological  characteristics  of  a  variety  of  bacteria,  differing,  it  is 
true,  in  their  degree  of  necessary  anaerobiosis,  but  all  obligate 
anaerobes. 

The  methods  of  Laidlaw,^  McLeod  and  Saga,^  and  others  of 
similar  nature  involving  oxygen  displacement  with  hydrogen, 
and  an  additional  precaution  of  having  .suspended  in  the  con- 
tainer a  fragment  of  platinized  carbon,  or  kindred  substance, 
were  thoroughly  investigated.  The  platinized  carbon  glows 
dull  red  as  soon  as  it  is  introduced  into  the  jar  and  is  supposed 
to  continue  to  do  so  until  all  of  the  residual  oxygen  is  used  up 
in  forming  water;  the  theory  being  that  as  the  oxygen  is  given 
off,  it  is  absorbed  by  the  platinum  and  burned  to  water.  These 
methods  seemed  feasible  because  of  their  simplicity  and  the 
chemically    sound    principles    upon   which    they    are    based. 


Every  step  as  stated  by  the  various  authors  was  followed  with 
scrupulous  care,  but  in  my  hands  the  technics  involving  the 
above-mentioned  principles  proved  even  less  satisfactory  than 
the  use  of  pyrogallic  acid  and  sodium  hydroxide.  Various 
modifications  and  combinations  of  the  pyrogallic  acid,  hydro- 
gen displacement,  vacuum  exhaustion  and  platinized  carbon 
procedures  were  tried  with  Kttle  or  no  better  success.  Finally, 
following  Hall,^  the  deep-culture  methods  of  the  French  ob- 
servers, Veillon  and  Zuber,  were  used  with  greater  success. 
Growth  was  obtained  in  a  large  majority  of  cases.  But  some 
of  the  more  exacting  organisms  such  as  B.  aerofoetidid,  B. 
oedematiens,  B.  bellonensis,  and  others,  gave  a  large  per- 
centage of  negative  cultures.  When  growth,  especially  in 
Hquid  media  was  desired,  no  aid  could  be  obtained  from  the 
so-called  French  deep  culture  methods.  Sterile  paraffin  oil 
(albolene,  liquid  petrolatum)  was  applied  to  the  top  of  the 
media  —  improving  the  results  to  some  extent.  However,  it 
was  not  until  caps  of  petrolatum  jelly,  1.5  cm.  or  more  in 
height,  were  placed  upon  the  tops  of  the  culture  media  (which 
had  previously  been  boiled  for  fifteen  minutes)  that  growth 
was  obtained  with  unfailing  regularity.  This  method  was 
first  employed  by  Loewe  and  Strauss  ^  and  soon  after  by  Bar- 
ber.^ The  hard  paraffin  method  of  Thompson  ^  gave  results 
equal  to  those  obtained  with  vaseline.  It  consists  in  simply 
substituting  a  cap  of  paraffin  with  a  melting  point  of  55°  C.  for 
the  petrolatum  jelly.  Thompson's  method  was  finally  aban- 
doned in  favor  of  the  method  of  Loewe  and  Strauss,  as  the 
vaseline  cap  is  much  more  easily  manipulated  when  one  desires 
to  transfer  or  eiiamine  cultures. 

That  the  vaseline  cap  is  far  superior  to  liquid  petrolatum  as 
a  method  of  obtaining  anaerobiosis,  was  clearly  shown  by 
Gates  and  Olitzsky.®  These  observers  used  methylene  blue  as 
an  indicator  of  relative  anaerobiosis.  Before  knowing  of  their 
work  the  author  undertook  to  investigate  this  point  using  the 
actual  organisms.  The  entire  collection  of  anaerobes  was 
planted  in  beef  infusion  casein  digest  broth  and  anaerobiosis 
was  induced  with  liquid  paraffin  oil.  Growth  took  place  only 
in  the  tubes  containing  B.  welchii,  B.  oedema tis,  B.  sporogenes, 
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and  slightly  in  the  tube  containing  B.  botulinus,  as  observed 
after  twenty-four  hours  incubation.  The  usual  amount  of 
vaseline  was  then  placed  in  each  tube  without  disturbing  the 
oil,  after  which  the  cultures  were  returned  to  the  incubator  for 
a  second  twenty-four  hours.  Growth  occurred  luxuriantly  in 
the  case  of  everyone  of  the  organisms.  A  control  series  grown 
under  vaseline  upon  the  same  medium  gave  profuse  growth  in 
every  culture  after  the  initial  twenty-four  hour  incubation 
period. 

In  practically  all  experiments  performed,  the  media,  the 
solid,  semi-solid  or  liquid  was  tubed  in  lo  c.c.  amounts  in  test 
tubes  6"  X  s"-  Just  prior  to  inoculation,  the  media  are  thor- 
oughly boiled  for  fifteen  minutes  to  expel  as  much  of  the  dis- 
solved oxygen  as  possible  and  then  rapidly  cooled  to  about 
40°  C.  Inoculations  were  made  and  to  each  culture  a  cap  of 
sterile  vaseline  was  applied  about  1.5  cm.  in  height.  This  was 
done,  of  course,  with  a  sterile  pipette.  Just  before  seeding  the 
vaseline  was  sterilized  in  the  autoclave  for  the  usual  length  of 
time.  The  tubes  were  then  rapidly  cooled  to  secure  quick 
hardening  of  the  vaseline.  In  this  way  nearly  perfect  anaero- 
biosis  was  obtained. 

A  series  of  experiments  was  performed  to  determine  whether 
or  not  it  was  necessary  to  apply  the  cap  of  vaseline  to  the  agar 
before  the  inoculation  was  made. 

Two  sets  of  broth  cultures  were  used.  One  set  had  the 
vaseline  applied  before  seeding  and  was  inoculated  while  the 
vaseline  was  still  in  liquid  form,  and  to  the  other  set  (the  entire 
collection  of  fifteen  anaerobes  of  different  species  was  used)  the 
vaseline  was  added  after  inoculation.  Growth  was  equally 
luxurious  in  both  cases,  so  that  the  former  procedure,  i.  e.,  in- 
oculating through  the  vaseline  cap,  was  discarded  as  unneces- 
sarily laborious. 

«.  The  method  of  growing  anaerobic  bacteria  as  described 
above  was  by  far  the  most  successful,  because : 

i^  Growth  is  obtained  in  the  maximum  number  of  cases,  showing 
excellent  anaerobiosis. 

2.  The  method  is  simpler  and  less  time  consuming  than  any  other. 

3.  It  is  the  least  expensive. 
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4.  It  is  applicable  to  any  form  of  media  including  liquid  —  where 
surface  growth  is  not  desired. 

5.  When  fermentation  tests  are  performed,  an  accurate  idea  of  gas 
production  may  be  had  from  the  height  to  which  the  vaseline 
cap  is  forced  in  the  tube,  which  at  the  same  time  remains  air 
tight.  This  is  far  superior  to  the  small  Dunham  tube  method  of 
gas  measurement  (see  fermentation  reactions). 

Use  of  the  Pasteur  Pipette.  —  Due  to  the  use  of  the  vasehne 
cover  it  was  quite  impossible  to  employ  the  platinum  loop  for 
making  transfers  and  manipulating  the  organisms.  The 
Pasteur  pipette  was  on  the  other  hand  found  to  be  quite  indis- 
pensable. 

Soft  glass  tubing,  I  inch  in  diameter,  is  cut  into  six-inch 
lengths,  plugged  with  cotton  at  either  end  and  sterilized  in  the 
hot  air  sterilizer.  The  tube  just  prior  to  use  is  applied  to  the 
flame  of  an  ordinary  laboratory  Bunsen  burner  and  slanted  in 
such  a  way  that  the  maximum  portion  of  the  glass  is  covered  by 
the  flame,  care  being  taken  to  rotate  the  tube  constantly  to 
insure  equal  application  of  the  heat,  When  a  dull  red  color 
appears  and  the  glass  bends  at  slight  pressure  it  is  quickly  re- 
moved from  the  flame  and  drawn  out  gently  and  gradually, 
taking  care  not  to  make  the  pulling  jerky.  Thus,  one  obtains 
two  separate  pipettes.  (A  small  wire  basket,  sterilized  by 
passing  the  flame  of  the  burner  over  it  a  few  times,  serves  as  an 
excellent  rack  upon  which  to  rest  them.)  Just  prior  to  use,  the 
fine  end  of  the  pipette  is  applied  to  the  somewhat  cooler,  lower, 
outer  edge  of  the  flame  and  redrawn  into  a  still  finer  portion. 
This  is  sealed  by  giving  it  a  second  cautious  application  of  the 
burner.  The  method  of  use  is  to  plunge  the  pipette  through 
the  cover  of  hardened  vaseline  and  by  gently  tapping  the  end 
against  the  bottom  of  the  test  tube  the  seal  is  broken.  By 
gentle  suction,  enough  of  the  culture  is  drawn  up  to  serve  any 
purpose.  Isolated  deep  colonies  may  be  successfully  fished  in 
this  manner.  Only  a  small  hole  is  made  in  the  vaseline  cap  and 
the  culture  may  be  immediately  sealed  by  slightly  warming  the 
top  of  the  vaseline. 

Saccharolytic  Reactions.  —  Probably  the  most  comprehen- 
sive attempt  to   classify   the   anaerobes   according   to  their 
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carbohydrate  splitting  properties  was  made  by  Henry /^  191 7- 
His  work  throws  Hght  upon  many  important  points,  but 
the  writer  feels  that  the  methods  employed  are  open  to 
criticism. 

I.  Method  of  obtaining  anaerobiosis.  —  As  a  preventive  to 
the  influx  of  atmospheric  oxygen,  Henry  covered  the  cultures 
with  paraffin  oil,  after  the  media  had  been  thoroughly  boiled. 
As  has  already  been  pointed  out.  Gates  and  Olitzsky  found 
that  paraffin  oil  not  only  did  not  act  as  an  effective  oxygen 
barrier,  but  actually  acted  as  a  reservoir  for  it.  Paraffin  oil 
may  serve  quite  effectively  as  a  method  of  obtaining  anaero- 
biosis when  one  or  two  per  cent  agar  is  used  as  a  base  for  media, 
for,  as  is  well  known,  agar  of  this  consistency  acts  as  a  fairly 
effective  oxygen  barrier  in  itself.  In  fact  some  of  the  organ- 
isms studied  will  multiply  feebly  in  the  depths  of  stiff  agar 
tubes  without  either  the  presence  of  vaseline  or  paraffin. 
After  twenty-four  hours  incubation  oxygen  will  be  found  to 
have  permeated  the  top  half-inch  or  so  of  the  medium,  without 
disturbing  the  favorable  conditions  in  the  depths  of  the  tube. 
However,  when  broth  or  soft  agar  cultures  are  used,  as  they 
must  be  in  the  determination  of  the  presence  of  sugar  sphtting 
ferments,  it  is  absolutely  necessary  to  prevent  atmospheric 
oxygen  from  intruding.  To  accomplish  this,  anaerobiosis  in 
the  case  of  my  own  tests  was  obtained  by  the  vaseline  boiling 
method,  already  described,  i.  e.,  substituting  vaseline  for  the 
paraffin  oil.  Because  liquid  media  are  highly  permeable  to 
oxygen,  inoculations  in  these  fermentation  tests  were  made 
through  the  covers  of  vaseline  while  they  were  still  in  liquid 
condition.  As  an  added  precaution  great  care  was  exercised 
not  to  empty  the  full  content  of  the  Pasteur  pipette  into  the 
medium  when  inoculations  were  being  made.  For  when  this 
did  occur,  profuse  bubbling  invariably  took  place.  After  seed- 
ing, the  tubes  were  quickly  cooled  to  insure  rapid  hardening  of 
the  vaseline. 

It  is  felt  that  in  this  way  anaerobiosis  was  more  effectively 
procured  than  by  the  methods  used  by  Henry  and  thus  the 
conditions  were  more  favorable  for  the  action  of  the  sugar 
sphtting  ferments. 
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2.  Media  for  saccharolytic  tests. — A  suitable  substance  upon 
which  to  grow  these  organisms  in  sugar-free  hquid  culture  was 
not  easy  to  find.  Henry  found  ordinary  beef  infusion  broth 
unsuitable  for  this  purpose.  This  was  also  my  experience, 
several  of  the  more  fastidious  organisms  refusing  to  multiply 
at  all.  Henry  subsequently  recommended  the  use  of  the  neu- 
tral pancreatic  digest  substance,  made  for  him  by  Captain 
Wolf,  in  dilution  of  one  part  casein  digest  fluid  to  two  parts  of 
physiological  salt  solution. 

Wolf's  casein  digest  substance  was  found  to  be  an  enriching  agent  of 
extraordinary  merit  which,  when  added  to  broth  or  agar  in  quantities  of 
two  per  cent,  did  away  with  the  necessity  for  using  animal  serum,  egg 
fluid,  ascitic  fluid  or  substances  of  a  similar  nature.  It  has  the  added 
advantage  of  not  having  its  nutrient  principle  affected  by  autoclaving. 
All  of  the  anaerobes  in  my  collection  grew  luxuriantly  in  its  presence. 

As  casein  digest  fluid  is  not  at  present  widely  used,  the  formula  for 
its  preparation  as  given  by  Henry  will  be  repeated  here. 

To  a  2  liter  flask  containing  i  liter  of  tap  water,  add  20  grams  of  an- 
hydrous sodium  carbonate.  Transfer  the  flask  when  boiling  to  a  water 
bath  and  add  200  grams  of  casein,  dusting  it  in,  very  graduafly,  and  shak- 
ing vigorously  from  time  to  time  to  avoid  the  formation  of  lumps.  Then 
place  the  mixture  in  a  large  Winchester  quart  bottle  (I  find  the  original 
flask  to  serve  the  purpose)  and  aUow  the  substance  to  cool  down  and  add 
3  grams  of  pancreatin  with  15  c.c.  of  chloroform.  Incubate  for  five  days 
at  38°  C,  shaking  vigorously  from  day  to  day  to  break  up  the  crusts 
which  have  formed.  Then  add  3  grams  more  of  pancreatin  and  incubate 
for  10  days  longer.  At  the  end  of  fifteen  days  treat  the  mixture  with 
400  c.c.  of  N/i  HCi,  steam  for  thirty  minutes  to  drive  oft'  the  chloro- 
form and  filter.  The  filtrate  is  treated  with  120  c.c.  of  N/i  NaOH  and 
the  reaction  adjusted  to  Ph.  7.2.  This  is  the  stock  solution  to  be  added 
to  agar  or  broth  in  amounts  of  2  per  cent. 

When  the  formula  for  sugar-free  broth  as  recommended  by 
Henry  was  used,  namely,  one  part  casein  digest  fluid  to  two 
parts  normal  physiological  salt  solution,  it  was  found  that  a 
number  of  organisms  comprised  in  this  collection  namely,  B. 
oedimatiens,  B.  histolyticus,  B.  aerofoetidis,  Vibrion  septique, 
and  B.  bellonensis,  did  not  grow  at  all.  In  the  case  of  other 
organisms  some  of  the  cultures  gave  evidence  of  violent  fer- 
mentation, showing,  of  course,  that  the  media  was  not  sugar 
free.  This  gave  rise  to  the  study  of  a  number  of  substances  as 
possible  media  upon  which  to  grow  the  organisms  during  the 
saccharolytic  tests.     Sugar-free  beef  and  veal-infusion  broth, 
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gelatin,  Dunham's  solution,  the  egg  fluid  of  Robertson  (see 
proteolytic  tests)  and  Hiss's  serum  water  were  all  investigated 
in  various  combination  and  dilutions.  All  were  discarded  as 
unsuited  for  the  purpose,  since  invariably  some  of  the  types 
refused  to  grow. 

The  following  simple  formula  was  used  and  found  to  satisfy 
all  needs.  Representatives  of  the  entire  collection  grew  pro- 
fusely in  it  and  it  was  readily  prepared  and  easily  rendered 
sugar  free. 

Beef-infusion  broth  made  in  the  usual  manner  is  adjusted  to  Ph.  7.00. 
To  it  is  then  added  2  per  cent  of  the  casein  digest  substance.  The  broth 
is  seeded  with  a  strain  of  B .  coU  which  actively  ferments  dextrose  and  the 
whole  is  allowed  to  incubate  for  twenty-four  hours.  The  broth  is  heated 
in  the  Arnold  sterilizer  for  forty-five  minutes,  and  adjusted  to  Ph.  7.2  by 
the  addition  of  N/i  NaOH,  reheated  in  the  Arnold  for  fifteen  minutes 
and  filtered.  It  is  then  tubed  in  9  c.c.  amounts  and  sterilized  in  the  auto- 
clave. This  medium  was  tested  for  sugar  free  properties  by  inoculating 
individuals  of  the  entire  collection  into  tubes  containing  it.  The  few 
bubbles  of  gas  which  at  times  appeared  in  the  cultures  of  B.  sporogenes, 
B.  oedimatis  and  B.  botulinus  were  felt  to  be  due  to  proteolytic  activities. 
None  of  the  others  gave  evidence  of  the  presence  of  carbohydrates. 

The  sugars  were  prepared  in  ten  per  cent  dilution  in  small  flasks  con- 
taining the  sterile  sugar-free  medium.  They  were  then  heated  in  the 
Arnold  at  100°  for  ten  minutes.  One  c.c.  of  this  ten  per  cent  solution  of 
sugar  was  then  added  to  tubes  containing  nine  c.c.  of  sterile  media,  thus 
obtaining  a  final  carbohydrate  concentration  of  one  per  cent.  The  tubes 
were  then  capped  with  sterile  vaseline  and  returned  to  the  Arnold  for  ten 
minutes  additional  sterilization.  Inoculations  were  made  with  sterile 
Pasteur  pipettes  through  the  cover  of  hquid  vaseline  and  as  each  tube 
received  its  seeding  it  was  immersed  in  cold  water  to  insure  rapid  harden- 
ing of  the  vaseline.  As  an  added  and  probably  unnecessary  precaution, 
to  preclude  the  possibihty  of  sugar  being  taken  over,  the  stock  cultures 
from  which  the  inoculum  was  taken  were  grown  upon  sugar-free  casein 
digest,  fluid  agar  (see  morphological  descriptions).  The  cultures  were 
incubated  for  48  hours  at  37°C.,  after  which  time  readings  were  taken. 

3.  Gas  and  acid  production.  —  Henry's  method  of  measuring 
gas  production,  namely,  through  the  use  of  small  Dunham 
tubes  placed  in  broth  cultures,  seemed  to  me  somewhat  inac- 
curate as  in  my  experience  the  bubbles  of  gas  escape  through 
the  paraffin  oil  covers  and  only  a  few  of  them,  sometimes  none 
at  all,  are  imprisoned  in  the  small  Dunham  tube,  thus  often 
giving  rise  to  erroneous  measurements  of  gas.    As  has  already 
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Table  I.   Fermentation  Tests  of  Spore-Bearing  Anaerobes 


Organisms 

Glucose 

Levulose 

Galactose 

Saccharose 

Maltose 

Lactose 

Raffinose 

Mannose 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

B.  sporogenes.  .  .  . 

2     5-6 

I      5-2 

0     5.2 

0     6.6 

2     5-4 

I      6.8 

I      6.6 

0     7.2 

B.  botulinus    .... 

I     6.8 

I     6.8 

I     6.8 

0      7.2 

0     7.2 

0      7.2 

0     7.2 

0     7.2 

B.  oedematis  .... 

2     S-6 

I     5-6 

I      S-6 

I     6.8 

0     5-4 

0     6.4 

I      6.6 

I      6.8 

B.  histotyticus    .  . 

0     7.2 

0     7.2 

0     7.2 

0     7.2 

0     6.6 

0     6.6 

0      7.2 

0      7.2 

B.  putrificus    .... 

I     6.8 

I     6.8 

I     6.8 

I     6.8 

2     5-0 

0     6.4 

I      6.7 

I     6.8 

B.  tetani      

I     5-8 

I     6.6 

I     6.8 

0    4.8 

0    4.4 

0     4.6 

0     5.0 

0     5-4 

B.  bifermentans .  . 

2     5-6 

I     S-o 

0     6.5 

0     6.5 

I     S-o 

0     6.8 

0     6.4 

3     4-8 

B.  bellonensis.  .  .  . 

2     6.0 

0     5.8 

0     6.2 

0     6.6 

3     4.6 

0     6.6 

I      6.4 

0     7.2 

B.  aerofoetidis    .  . 

2     5-4 

2     5.0 

2     5-0 

0     7.2 

3     4-2 

2     5.0 

0     6.4 

3     4-4 

B.  oedematiens  .  . 

2     5-4 

I     5-6 

2     4-8 

2     4-8 

3     4.6 

2     5.4 

2     5-4 

3     5-4 

B.  Ghon-Sachs... 

2     5-6 

2     4.8 

2     4-8 

2     5-0 

3     4-4 

34.. 

3     5-0 

4     4.8 

\'ibrion  sept 

2     5-4 

2     4.6 

2     5.2 

2     5-0 

3     4-4 

3     4.8 

4     5-0 

B.  fallax 

I     5.0 

I       5-2 

I       5.2 

2     4.6 

2     5-0 

3     4-4 

3     4.0 

I     6.6 

B.  welchii  (4)    ... 

4     4-2 

4     4-6 

3     4-8 

4     4-2 

4     4-2 

4     4-0 

3     4-0 

4     4-4 

B.  welchii  (2)    ... 

4     4-6 

4     4-6 

I       5-2 

4     4-4 

3     4.6 

3     4.6 

3     4-6 

4     4-6 

B.  tertius 

2     6.4 

2     6.4 

I     6.6 

I     7.0 

2     6.6 

2     6.6 

I     6.6 

I     6.6 

The  numbers  in  the  column  marked  "gas"  indicate  the  height  measured  in 
centimeters  to  which  the  vaseline  cap  had  been  raised. 
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Table  I.    Fermentation  Tests  of  Spore-Bearixg  Anaerobes 


Xylose 

Arabinose 

Starch 

Inulin 

Dextrin 

SaUcin 

Mannite 

Melezitose 

Glycerine 

Inosite 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas   H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas    H-ion 

Gas   H-ion 

Gas    H-ion 

0     6.6 

0     7.2 

0      7.2 

0      7.2 

0     7.1 

0     7.2 

0     7.2 

0     7.0 

1 
2     6.6      0     7.2 

0      7.2 

0      7.2 

0      7.1 

0      7.0 

0     7.2 

0     7.2 

0      7.2 

I      6.9 

2     6.6      0     7.2 

0     6.6 

0      7.2 

0     7.1 

0     7.2 

0     7.1 

0     7.2 

0     7.1 

0      7.2 

0     6.6 

0     7.2 

0      7.2 

0     6.4 

0     7.2 

0     7.1 

0     7.2 

0     7.0 

0     7.2 

0     7.1 

I     6.6 

0     7.2 

0      7.0 

0     7.0 

0      7.1 

0     7.2 

0      7.1 

I     6.8 

I     6.9 

0     7.1 

0     5.6 

0      7.0 

0     7.0 

I    '6.8 

0      7.1 

0      7.2 

0      7.2 

0     7.2 

0     7.0 

2     6.8 

0     6.4 

0     7.1 

0     7.0 

0     7.2 

0      7.2 

0      7.0 

0      7.1 

0     7.2 

2     6.6 

0     7.2 

I     6.8 

0     6.6 

0     7.2 

0     7.2 

0      7.2 

0      7.2 

0      7.2 

0     7.2 

0     6.8 

0     7.2 

2     5-6 

0     7.0 

0     6.8 

0     6.8 

0     6.8 

I     6.6 

0      7.2 

0     7.0 

0     7.0 

0     7.2 

I     6.6 

0     7.1 

4     5-8 

0     6.6 

0     7.2 

0     7.2 

0     7.2 

0     7.1 

0     7.2 

0     7.1 

2     6.6 

0     7.2 

I     6.8 

0     6.6 

0     7.0 

I     6.6 

0      7.2 

0     7.2 

I     6.9 

0     7.1 

2     6.4 

0     7.0 

I     6.6 

I     6.8 

0     7.0 

0     7.2 

0     7.2 

I     7.0 

0     7.2 

4    4-2 

0     7.0 

I     6.8 

I     6.8 

I     6.9 

0     7.2 

0     7.0 

0     7.1 

0     7.2 

0     7.2 

2     5-8 

0     7.0 

4     6.2 

2     6.6 

2     6.0 

0     7.2 

I     6.8 

2     6.9 

3     6.4 

2     5.8 

0     7.2 

4     6.0 

2     6.2 

0     7.0 

0     7.1 

I     6.8 

2     6.9 

3     6.4 

43.0 

0     7.2 

I     6.8 

I     6.6 

I     7.0 

I     7.0 

0      7.1 

I     7.0 

I     7.0 

0     7.0 

1 70  KAHN 

been  stated,  the  rise  of  the  vaseline  cap  in  the  tube  is  an  excel- 
lent indicator  of  the  quantitative  production  of  gas.  The  size 
of  the  test  tube,  the  amount  of  medium  used,  amount  of  vas- 
eline used  and  concentration  of  the  sugar  all  being  constant 
factors,  it  is  reasonable  to  suppose  that  this  method  of  measure- 
ment is  accurate. 

In  studying  anaerobic  bacteria,  egg  albumin  is  ordinarily 
used  as  an  indicator  of  acid  production.  In  these  tests,  how- 
ever, the  actual  hydrogen-ion  concentration  of  each  culture  was 
taken  after  the  method  of  Clark  and  Lubs.^^ 

The  results  of  the  sugar  fermenting  properties  of  these  are 
reported  in  Table  I. 

As  will  be  seen  later  when  the  proteolytic  reactions  are  taken 
into  consideration,  it  is  quite  feasible  to  divide  certain  of  the 
anaerobes  into  strongly  proteolytic,  feebly  proteolytic  and  non- 
proteolytic  (or  saccharolytic)  groups,  respectively.  However, 
from  this  it  should  not  be  inferred  that  certain  members  of  the 
proteolytic  group  do  not  as  well  have  broad  sugar  splitting 
properties.  A  brief  consideration  of  the  following  findings 
shows  this  clearly. 

B.  oedematis  maligni,  one  of  the  most  powerful  of  proteo- 
lyzers,  splits  glucose,  levulose,  galactose,  saccharose,  raffinose 
and  mannose  with  an  appreciable  amount  of  gas  and  acid  pro- 
duction. It  seemed  to  only  feebly  attack  maltose  and  lactose, 
judging  by  the  production  of  gas,  but  when  measurement  was 
made  of  the  hydrogen-ion  concentration,  fairly  marked  reduc- 
tion was  found  to  have  occurred  in  these  last  named  sugars. 

B.  tetani  copiously  produced  acid  and  gas  with  glucose, 
levulose  and  galactose,  while  with  saccharose,  maltose,  lactose, 
raffinose,  mannose  and  xylose,  much  acid  formation  took  place 
with  only  a  few  bubbles  of  gas. 

B.  histolyticus  gave  no  sign  of  gas  production  with  any  of  the 
sugars,  and  lack  of  this  property  forms  a  point  of  differential 
importance.  Acid  production  was  noted  in  the  presence  of 
maltose,  lactose,  xylose  and  inulin. 

Henry  noted  a  fermentative  action  for  this  organism  with 
glucose  and  levulose,  but  states  his  suspicions  as  regards  the 
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purity  of  his  culture.  Weinberg  and  Seguin  ^"  observed  B.  his- 
tolyticus  to  be  the  only  anaerobic  bacterium  capable  of  pro- 
ducing a-  non-putrifying  t}^e  of  proteolysis  without  infiltration 
of  gas  in  tissue. 

B.  sporogenes,  another  frankly  proteolytic  organism,  readily 
split  glucose,  le\ailose,  galactose,  saccharose,  maltose,  lactose, 
and  rafhnose.  Henry  only  records  positive  reaction  with  glu- 
cose, levulose  and  saccharose.  Weinberg  and  Seguin  pronounce 
B.  sporogenes  to  be  the  only  anaerobic  organism  capable  of 
alone  producing  proteolysis  and  gas  infiltration  in  tissue. 

B.  botulinus  according  to  my  observations  attacks  only  the 
monosaccharids  thus  agreeing  with  observations  made  by  most 
other  investigators  of  this  group. 

B.  bifermentans  produced  acid  and  gas  with  glucose,  levulose 
and  maltose  but  acid  alone  with  galactose,  saccharose,  lactose, 
rafi&nose  and  xylose. 

B.  bellonensis  seemed  to  be  capable  of  splitting  glucose, 
maltose,  and,  to  a  small  extent,  raffinose  and  xylose,  that  is,  as 
concerns  both  acid  and  gas  production.  However,  acid  alone 
was  produced  with  levulose,  galactose,  saccharose,  lactose, 
glycerine  and  arabinose. 

B.  oedematiens,  initially  observed  by  Weinberg  ^^  as  power- 
ful in  splitting  carbohydrates,  in  the  hands  of  Henry  only 
altered  glucose,  levulose,  maltose,  xylose  and  starch.  I  have 
obtained  positive  reactions  with  glucose,  levulose,  galactose, 
saccharose,  maltose,  lactose,  raffinose,  mannose,  xylose,  and 
starch,  with  acid  production  on  inulin;  B.  oedematiens  is  one 
of  the  most  fastidious  organisms  as  regards  its  anaerobic  and 
nutrient  requirements.  The  cap  of  paraffin  oil  as  used  by 
Henry  seems  here  especially  insufiicient  to  produce  the  neces- 
sary anaerobiosis.  The  medium  used  by  him,  composed  of  one 
part  casein  digest  fluid  and  two  parts  physiological  salt  solu- 
tion, gave  rise  to  but  scanty  growth.  This  may  account  for  our 
rather  wide  divergence  in  regard  to  the  sugar  splitting  proper- 
ties of  this  organism. 

B.  aerofoetidis  is  peculiar  in  giving  a  constant  negative 
saccharose  reaction. 

Vibrion  septique,  and  the  bacillus  of  Ghon  and  Sachs,  act 
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upon  the  carbohydrates  in  an  identical  manner.  For  this  rea- 
son and  on  account  of  their  other  cultural  similarities,  I  am 
inclined  to  support  Heller's  opinion  concerning  their  probable 
identity. 

B.  welchii.  Two  strains  of  this  organism  proved  to  be  mem- 
bers of  group  four,  while  two  other  cultures  were  subsequently 
placed  in  group  two,  agreeing  with  Henry  and  with  Simonds'^^ 
original  classification,  with  the  exception  that  the  presence  of 
an  enzyme  capable  of  producing  acid  and  gas  upon  xylose  was 
noted.  It  is  probable  that  the  superior  anaerobiosis  afforded 
by  the  use  of  the  vaseline  cap  is  responsible  for  bringing  to 
light  the  action  of  this  xylose-splitting  ferment. 

B.  fallax.  With  the  exception  of  B.  fallax,  all  of  the  car- 
bohydrate reactions  were  completed  within  forty-eight  hours. 
B.  fallax  invariably  lagged  behind  and  on  the  majority  of 
sugars  evidence  of  activity  only  began  at  the  end  of  that  time. 
For  this  reason,  the  B.  fallax  readings  were  taken  only  after 
seventy-two  hours.  This  seems  to  be  a  point  of  considerable 
diagnostic  importance.  A  lactose  fermenting  enzyme,  unob- 
served by  Henry,  but  noted  by  Weinberg,  was  present  in  the 
culture  studied. 

B.  tertius  is  most  commonly  confused  with  B.  welchii  and  the 
sugar  fermenting  properties  displayed  by  the  former  offer  a 
means  of  differentiation  of  singular  value,  in  that  gas  is  pro- 
duced in  about  half  as  great  volume  as  in  the  case  of  the  latter 
and  the  reduction  in  the  hydrogen  ion  concentration  is  not 
nearly  so  marked.  B.  tertius  seems  capable  of  utilizing  nearly 
all  of  the  sugars  tested.  The  strain  in  my  collection  had  an 
additional  property  of  fermenting  inulin,  with  acid  and  gas 
production.    This  faculty,  I  believe,  has  not  been  observed. 

It  seems  that  the  sugar  fermenting  reactions  of  the  anaerobes 
offers  a  desirable  means  of  differentiation,  and  brings  to  light 
minute  differences  which  may  be  present.  Observers  have 
recently  advocated  the  classifying  of  B.  sporogenes,  B.  oede- 
matis  maligni  and  B.  putrificus  as  identical  organisms.  While 
it  is  true  that  the  proteolytic  activities  of  these  organisms  are 
in  some  respects  the  same,  their  varying  action  upon  sugars 
makes  one  doubtful  of  the  desirability  of  such  a  grouping.    As 
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will  be  seen,  organisms  such  as  Vibrion  septique, B.  oedematiens 
and  B.  tertius  are  similar  in  action  upon  the  so-called  proteo- 
lytic t>q3es  of  media  but  one  would  hardly  advocate  placing 
these  under  one  head,  upon  such  slight  cultural  evidence. 
However,  on  account  of  the  marked  similarity  of  Vibrion 
septique  and  the  bacillus  of  Ghon  and  Sachs  as  regards  their 
saccharolytic  and  proteolytic  activities,  I  find  myself  in  agree- 
ment with  Heller's  suggestion  to  the  effect  that  these  organ- 
isms are  identical. 

Proteolytic  Tests 
Anaerobic  spore-bearing  bacteria  have  heretofore  been  di- 
vided into  proteolytic  and  saccharolytic  groups.  Previous 
observers  have  found  that  certain  members  of  the  saccharo- 
lytic group  show,  in  old  cultures,  some  proteolysis,  which  has 
been  assumed  to  be  due  to  the  development  of  secondary  pro- 
'  teolytic  ferments.  In  our  studies  no  such  evidence  of  secondary 
proteolysis  ever  occurred  in  cultures  of  B.  welchii,  B.  oede- 
matiens, B.  tertius,  B.  fallax,  Vibrion  septique,  and  the  bacillus 
of  Ghon  and  Sachs,  although  observations  were  made  over  a 
period  of  eight  months  and  the  organisms  were  grown  on  media 
suitable  for  evidence  of  proteolysis.  The  organisms  included 
in  this  group  should  therefore  be  described  as  non-proteolytic. 
Since  the  cultures  with  which  we  worked  were  known  to  be 
pure  it  seems  probable  to  us  that  the  late  proteolysis  described 
by  other  observers  may  have  been  due  to  contaminating 
organisms. 

The  rnedia  used,  together  with  their  formulae,  are  given 
here.  Care  has  been  taken  to  select  substances  which  would 
give  well  defined  reactions. 

Results  have  been  tabulated,  not  under  the  heading  of  organ- 
isms but  under  that  of  media.  In  other  words,  the  reaction  of 
the  collection  has  been  described  upon  each  medium  as  a  head- 
ing, rather  than  the  reaction  of  the  organism  to  each  individual 
substance.  In  this  way  points  of  differential  importance  stand 
out  more  clearly. 

The  methods  used  for  inoculating  and  obtaining  anaerobiosis 
are  essentially  the  same  as  have  been  described.    Due  to  the 
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nature  of  the  media  used,  especial  diligence  was  exercised  to 
prevent  contamination.  The  media  just  prior  to  use  were 
subjected  to  twenty-four  hours  incubation  as  a  precaution 
against  the  use  of  contaminated  material.  All  had  been  steril- 
ized in  the  autoclave  for  twenty  minutes  at  fifteen  pounds 
pressure. 

The  cultures  comprising  the  tests  were  kept  in  the  incubator 
for  forty-five  days,  and  almost  daily  observations  were  made 
upon  them.  They  were  then  allowed  to  stand  at  room  temper- 
ature, and  examinations  were  made  from  time  to  time.  At  the 
end  of  eight  months  a  final  reading  was  taken,  together  with 
the  hydrogen  ion  determination  of  each  individual  culture. 

Observations  have  been  given  in  detail  as  the  writer  agrees 
with  the  criticism  that  this  has  not  been  done  in  the  previous 
descriptions  of  cultural  reactions  of  these  organisms. 

Media  used.  Seven  types  of  media  were  used.  i.  Cooked  meat 
medium;  2.  Coagulated  egg  albumin  cube  broth;  3.  Alkaline  egg  fluid 
(also  modified) ;  4.  Brom  cresol  purple  milk;  5.  Cooked  cod  fish  medium; 
6.  Gelatin;  7.  Inspissated  serum. 

Cooked  meat  medium  (Robertson). ^  Reactions  upon  this  substance 
are  stated  by  Robertson  to  be  comparable  to  the  results  obtained  upon 
the  "  Hirnbrei "  or  brain  medium  of  von  Hibler.^s  The  formula  for  cooked 
meat  medium  is  widely  known  and  no  repetition  of  it  will  therefore  be 
given  here.  Instead  of  determining  the  reaction  with  Utmus  paper  as 
advocated  by  Robertson  the  writer  adjusted  the  substance  to  Ph.  7.2. 

Coagulated  egg  albumin  broth.  A  few  eggs  are  boiled  for  fifteen 
minutes  to  insure  complete  coagvdation  of  the  albumin.  The  white  is 
then  carefully  separated  from  the  yolk  and  washed  in  distUled  water  to 
completely  free  it  from  the  yeUow  substance.  The  albuminous  portion 
is  then  cut  into  cubes  of  about  2  cm.  and  one  of  the  cubes  is  placed  in 
each  of  several  test  tubes.  The  tubes  are  then  filled  with  10  c.c.  of  broth 
made  by  the  usual  formula,  namely,  beef-infusion  broth  plus  2  per  cent 
casein  digest  fluid  —  reaction  Ph.  7.2  —  and  autoclaved  for  twenty 
minutes  at  fifteen  pounds  pressure. 

This  medium  besides  being  simple  to  prepare  is  a  valuable  one  because 
of  the  variation  of  action  occurring  upon  it.  Some  points  of  differential 
importance  are  here  brought  to  light  which  are  not  in  evidence  in  tests 
upon  other  substances. 

Cooked  cod  fish  medium.  Prepared  from  fresh  cod  fish  steaks  as 
follows: 

The  fish  is  freed  from  bone  and  skin,  chopped  into  fine  particles  and 
further  reduced  by  a  short  period  of  grinding  in  a  mortar.    800  c.c.  of  tap 
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water  are  added  for  each  pound  of  fish  and  the  whole  allowed  to  boil 
gently  for  forty-five  minutes.  Adjust  the  reaction  to  Ph.  7.2.  Just 
prior  to  testing  care  must  be  taken  to  thoroughly  mix  the  fish  muscle  and 
broth  so  that  one  verticle  inch  of  the  tissue  may  be  present  in  each  tube. 
The  substance  is  autoclaved  for  the  usual  length  of  time. 

Inspissated  Ox  Serum.  Prepared  from  Difco  powder.  The  medium 
was  brought  to  a  hydrogen  ion  concentration  of  7.2  and  inspissated  verti- 
cally in  the  tubes.  The  proteolytic  action  upon  coagulated  serum  was 
therefore  not  that  of  a  surface  growth  but  actually  a  deep  stab  culture. 
One  must  exercise  especial  care  in  inspissating  to  preclude  the  formation 
of  air  bubbles,  as  these  often  give  a  false  impression  concerning  gas 
formation. 

IMilk  —  Brom  Cresol  Purple.  Partially  skimmed,  adjusted  to  Ph.  7.2, 
tubed  in  10  c.c.  amounts  and  autoclaved.  Prior  to  tubing,  40  c.c.  of 
Brom  credol  purple  indicator  was  added  to  each  hter  of  milk. 

Gelatin.  The  gelatin  was  made  a  little  stiffer  than  is  usual.  Twenty 
per  cent  gelatin  was  used,  made  up  in  beef-infusion  broth.  No  casein 
digest  substance  or  glucose  was  added.  The  medium  was  as  usual  ad- 
justed to  Ph.  7.2  and  autoclaved. 

Alkaline  Egg  Fluid,  Robertson. ^  As  Miss  Robertson  states  this  is  a 
modification  of  Besredka's  substance. 

The  yolk  of  one  egg  and  the  whites  of  two  are  beaten  up  in  a  beaker 
and  to  this  mixture  is  added  6  c.c.  of  N/i  NaOH.  Five  hundred  c.c.  of 
tap  water  are  then  added  gradually.  Heat  ven,'  slowly  to  95°  C.  keeping 
the  mixture  at  this  temperature  for  about  an  hour.  Filter  through  cotton 
wool  and  muslin,  tube  and  autoclave.  When  the  hydrogen  ion  concen- 
tration of  this  medium  was  taken  it  was  found  to  be  8.2.  As  has  already 
been  pointed  out,  this  was  in  my  hands  far  above  the  optimum.  Never- 
theless a  series  of  tests  was  performed  upon  medium  with  this  reaction 
for  its  comparable  value.  In  a  second  series  the  writer  found  it  advisable 
to  adjust  the  reaction  to  Ph.  7.2.  When  this  is  done,  some  of  the  albumin 
does  not  go  into  solution  but  remains  at  the  bottom  of  the  tube  in  the 
form  of  a  white  precipitate.  The  modified  substance  has  the  appearance 
of  a  milky  emulsion,  while  as  made  by  Robertson  it  is  golden  yeUow  in 
color.  In  Robertson's  medium  several  of  the  organisms  refused  to  grow 
at  all.  Upon  the  more  acid  substance,  however,  each  organism  grew 
regularly  giving  rise  to  changes  more  rapidly  and  of  a  more  distinctive 
nature  than  was  noted  upon  the  more  alkaline  fluid. 

The  necessity  for  having  the  media  properly  adjusted  as  re- 
gards the  hydrogen  ion  concentration  cannot  be  too  strongly 
emphasized.  These  anaerobic  spore  bearing  organisms  are 
just  as  sensitive  to  proper  environment  as  are  any  of  the  other 
types  of  bacteria  and  to  obtain  maximum  growth  and  biologi- 
cal action  their  requirements  must  be  carefully  ascertained  and 
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provided  for.  An  excess  of  alkalinity  in  the  media  seems  to 
have  been  provided  by  most  investigators  of  this  group,  prob- 
ably on  the  assumption  that  the  bacteria  themselves  produce 
a  marked  degree  of  alkalinity.  This,  as  will  presently  be  shown, 
is  much  lower  than  has  heretofore  been  supposed. 

Reaction  upon  Cooked  Meat  Media 

B.  sporogenes.  After  the  first  twenty-four  hours  there  is  rather  a 
marked  production  of  gas  amounting  to  a  rise  of  i  cm.  of  the  vaseline 
cap.  The  meat  is  much  darkened  and  distinctive  evidence  of  proteolysis 
is  to  be  noted.  White  flaky  crystals  of  what  afterwards  proved  to  be 
tyrosine  are  produced  and  the  broth  is  heavily  clouded.  Upon  puncturing 
the  vaseline  cap  one  is  struck  by  the  penetrating  odor  of  putrefaction. 
After  forty-eight  hours  the  gas  production  is  usually  doubled  and  in  some 
cases  tripled.  The  meat  is  entirely  darkened  and  the  crystals  of  tyrosine 
seem  to  be  about  twice  as  profuse.  Gas  slightly  increases  as  proteolysis 
progresses  and  on  the  eighth  day  the  meat  will  be  seen  to  have  been  re- 
duced fully  one-half  in  volume.  After  this  point  there  is  no  further  pro- 
duction of  gas  but  digestion  and  crystal  production  continue  more  or  less 
actively.  At  the  end  of  three  weeks  the  fluid  portion  of  the  culture  is 
still  cloudy.  There  is  profuse  crystal  production  giving  the  remaining 
small  amount  of  red-black  meat  residue  a  peculiar  mottled  appearance. 
At  the  end  of  a  month  the  meat  is  about  three-fourths  reduced  in  volume 
and  the  broth  is  still  for  the  most  part  turbid,  there  being  however  a 
slight  tendency  toward  clearing  at  the  top. 

The  broth  stays  turbid  for  about  three  months,  clearing  only  very 
gradually.  Eight  months  after  planting  the  muscle  tissue  is  practically 
all  digested,  leaving  only  a  small  amount  of  reddish -black  residue  streaked 
with  white  tyrosine  crystals. 

The  reaction  of  B.  sporogenes  upon  this  medium  is  characterized  by 
its  profuse  gas  production,  its  profuse  production  of  tyrosine  crystals 
even  after  forty-eight  hours,  its  marked  darkening  of  the  meat  with  sub- 
sequent rapid  digestion,  the  production  of  a  powerful  and  disagreeable 
odor  of  putrefaction,  and  persistent  clouding  of  the  broth. 

The  reaction  of  this  culture  at  the  end  of  eight  months  reads  Ph.  7.6. 

B.  hotidinus.  After  twenty-four  hours  incubation  gas  is  produced  to 
the  extent  of  about  i  cm.  rise  of  the  vaseline  cap.  The  meat  pa'rticles  are 
nearly  all  blackened  and  the  fluid  is  turbid.  The  odor  of  putrefaction  is 
milder  than  that  of  B.  sporogenes  and  not  nearly  so  disagreeable.  When 
forty-eight  hours  have  elapsed  the  volume  of  gas  produced  is  about 
doubled,  the  meat  is  totally  darkened  with  swelUng  of  the  particles. 
Four  days  after  seeding  the  meat  has  diminished  about  one-quarter  in 
volume. 

Usually  on  the  tenth  day  the  fluid  starts  to  clear,  increasing  the  sedi- 
mentation daily  until  about  twenty  days  in  all  have  elapsed,  after  which 
the  fluid  may  be  called  clear.    There  is  gradual  increase  in  gas  production 
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as  digestion  proceeds  until  the  vaseline  cap  rises  to  about  3  cm.  The 
meat  on  the  twentieth  day  is  only  about  one-half  as  great  in  volume  as  at 
the  start.  There  is  little  change  from  the  above  over  a  period  of  eight 
months,  at  the  end  of  which  time  the  meat  is  about  two-thirds  diminished 
in  volume,  leaving  a  dirty  reddish  black  residue  streaked  with  a  small 
number  of  tyrosine  cr\'stals.  On  the  whole  the  reaction  just  described 
resembles  that  of  B.  sporogenes  except  that  the  production  of  tyrosine  is 
not  nearly  so  marked  and  the  meat  is  not  so  greatly  digested.  Gas  is  not 
evolved  in  as  large  quantities,  the  odor  of  putrefaction  is  not  as  foul  and 
disagreeable,  and  the  fluid  is  not  nearly  as  tenaciously  turbid  as  that  of 
B.  sporogenes,  clearing  as  it  does  at  the  end  of  twenty  days. 

The  reaction  of  the  culture  of  B.  botulinus  upon  this  medium  at  the 
end  of  eight  months  was  Ph.  7.6. 

B.  putrificus.  Twenty-four  hours  incubation  upon  this  medium  marks 
the  production  of  gas  equal  to  about  one-half  cm.  rise  of  the  vaseline  cap. 
There  is  some  black  decolorization  of  the  meat  in  the  extreme  bottom 
of  the  tube  and  a  penetrating  foul  odor  similar  to  that  produced  by  B. 
sporogenes.  After  forty-eight  hours  the  volume  of  gas  is  about  doubled 
and  the  zone  of  darkening  of  the  meat  increases  somewhat  in  its  upward 
trend.  Proteolysis  is  not  at  this  time  in  evidence.  No  further  alteration 
occurs  until  after  the  fourth  day  when  dark  pigmentation  is  produced  in 
about  two-thirds  of  the  meat.  The  tenth  day  fi^nds  the  meat  entirely 
darkened,  gas  production  increased  to  about  three  cm.,  and  digestion 
equaling  about  one-fourth  of  the  muscle  tissue.  The  broth  of  this  culture 
remains  tenaciously  cloudy,  beginning  to  clear  only  after  about  twenty 
days  have  elapsed.  This  process  continues  gradually  until  about  forty- 
five  days  after  incubation  when  the  broth  will  be  found  to  be  perfectly 
clear. 

Eight  months  after  planting  the  meat  is  probably  about  one-half  di- 
gested, leaving  about  an  equal  portion  of  dark  red  residue.  Only  a  very 
few  crystals  of  tyrosine  are  produced.  The  reaction  of  this  culture  at  the 
end  of  eight  months  reads  Ph.  7.4. 

B.  putrificus  acts  much  more  slowly  upon  this  medium  than  does 
B.  sporogenes.  Although  there  are  some  points  of  similarity  the  rapidity 
with  which  B.  sporogenes  proteolyzes  the  muscle  tissue  forms  a  dis- 
tinctive point  of  differential  value.  This  observation  agrees  with  those 
made  by  Hall  ^i  and  others,  who  found  B.  putrificus  to  be  rather  tardy 
in  its  proteolytic  activity. 

B.  tetani.  This  organism  produces  about  3  cm.  of  gas  after  the  first 
day  of  incubation.  The  meat  assumes  a  slate  gray  color  and  the  broth  is 
profusely  clouded.  After  four  days  gas  production  is  slightly  increased 
and  feeble  proteolysis  is  apparent  in  the  top  layers  of  the  meat.  Digestion 
gradually  progresses  until  the  fourteenth  day  when  the  muscle  tissue  will 
be  found  to  have  been  reduced  about  one-fourth  of  its  volume,  and  at  this 
time  the  slate  gray  color  of  the  meat  changes  to  a  somewhat  darker  color, 
but  not  nearly  so  dark  as  the  color  produced  by  other  organisms  more 
frankly  proteolytic  in  their  nature.     At  this  time,  also,  the  erstwhile 
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cloudy  lluid  will  be  found  to  have  cleared  materially.  Forty-five  days 
after  planting  the  meat  will  have  decreased  about  one-third  of  its  total 
volume.  Even  after  eight  months  have  elapsed  there  is  no  further  change. 
The  meat  residue  is  well  streaked  with  crystals  which  at  this  time  are  not 
believed  to  be  tyrosine.  They  do  not  exhibit  the  characteristic  needle- 
like wheat  sheaf  appearance  but  are  more  chalky  in  aspect.  Identification 
of  this  substance  is  at  present  under  investigation.  The  reaction  of  this 
culture  at  the  end  of  eight  months  was  Ph.  7.2.  B.  tetani  gives  rise  to  a 
foul  odor  but  it  is  not  nearly  as  markedly  so  as  that  produced  by  B. 
sporogenes.  Gas  production  is  more  rapid  and  profuse  and  the  culture  is 
more  gradually  proteolytic,  resembling  in  the  latter  respect  B.  putrificus 
more  than  does  any  one  of  the  other  organisms  but  producing  much  more 
gas. 

B.  oedematis  maligni.  The  reaction  of  this  organism  upon  cooked  meat 
medium  strongly  resembles  that  of  B.  sporogenes.  In  fact  it  may  be  said 
that  there  are  really  no  points  of  differential  value  to  be  seen  as  regards 
this  medium. 

In  the  first  twenty-four  hours  we  have  production  of  gas  in  amount 
almost  identical  wdth  that  by  B.  sporogenes,  the  meat  is  darkened  with 
distinctive  evidence  of  proteolysis,  and  a  few  crystals  of  tyrosine  are 
found.  After  forty-eight  hours  gas  production  is  more  than  doubled  and 
the  meat  assumes  the  dark  red-black  hue.  Proteolysis  continues  rapidly, 
the  broth  remains  tenaciously  turbid,  clearing  only  after  three  months 
have  passed.  (In  fact  some  slight  evidence  of  clouding  was  even  noted 
after  eight  months.)  At  the  end  of  eight  months  the  meat  as  in  the  case 
of  B.  sporogenes  will  be  found  to  be  entirely  proteolyzed,  there  being 
only  the  dirty  red-black  detritus  copiously  streaked  with  tyrosine  crystals. 
The  odor  characterizing  this  reaction  is  penetratingly  foul  and  disagree- 
able.   Reaction  after  eight  months  was  Ph.  7.6. 

B.  kistolyticus.  The  growth  of  B.  histolyticus  upon  this  medium  is 
quite  characteristic  for  here  we  have  progressive  proteolysis  continuing 
at  rather  a  rapid  rate  with  practically  no  gas  production.  When  gas  pro- 
duction does  occur,  it  is  so  feeble  that  it  is  marked,  at  the  most,  by  the 
occurrence  of  only  three  or  four  small  bubbles  under  the  vaseline  cap. 

A  day  after  planting  the  meat  turns  a  dirty  chocolate  brown  and  there 
is  already  evidence  of  digestion  in  the  top  layers.  After  forty-eight  hours 
the  color  deepens  and  digestion  extends  a  little  further,  embracing  about 
one-quarter  of  the  total  volume  of  the  muscle  tissue.  Usually  after  about 
six  days  the  characteristic  balls  of  tyrosine  begin  to  appear,  and  indeed 
this  formation  seems  to  be  a  characteristic  of  B.  histolyticus  alone.  In 
the  case  of  all  other  organisms  producing  tyrosine  the  crystals  occurred  in 
the  usual  flaky  needle-like  form. 

On  the  fourteenth  day  the  very  cloudy  fluid  begins  clearing,  and  at 
this  time  the  meat  is  about  one-half  reduced  in  volume,  the  residue 
assumes  a  deeper  red-black  hue.  Balls  of  tyrosine  are  at  this  time  very 
numerous.  Digestion  increases  gradually  and  after  thirty  days  only 
about  one-third  of  the  meat  remains. 
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After  eight  months  the  meat  is  practically  all  digested,  leaving  a  small 
amount  of  black  residue.  The  balls  of  tyrosine  still  retain  the  spherical 
form.  The  fluid  wiU  be  still  found  to  be  somewhat  cloudy.  The  odor  of 
this  culture  while  putrefactive  is  ver>'  mildly  so.  The  reaction  is  by  far 
the  most  alkaUne  encountered,  being  at  the  end  of  eight  months  Ph.  8.4, 
probably  due  to  the  fact  that  digestion  is  carried  to  the  ammonia  stage. 

Upon  this  medium  the  action  of  B.  histolyticus  is  characterized  by  lack 
of  gas  production,  its  gradual  but  complete  proteolysis,  the  marked  pro- 
duction of  alkaline  substances,  probably  ammonia,  and  the  occurrence  in 
spherical  shape  of  tyrosine  cr\^stals. 

B.  bifermcntans.  This  organism  seems  rather  intermediate  between  the 
frankly  proteolytic  and  non-proteolytic  or  saccharolytic  groups. 

Its  reaction  upon  cooked  meat  medium  during  the  first  twenty-four 
hours  leads  one  to  believe  that  it  will  be  subsequently  classified  as  a 
representative  of  the  proteolytic  group,  as  the  meat  becomes  markedly 
darkened  and  there  is  some  gas  production  (about  i  cm.  rise  of  the  vaseline 
cap) ,  most  of  the  active  proteolyzers  beginning  their  reaction  in  just  this 
way.  However  the  above  conditions  remain  unaltered  for  twenty  days 
or  more,  there  being  no  further  evidence  of  proteolysis  or  gas  production, 
and  the  only  change  noted  at  that  time  is  that  the  erstwhile  cloudy  broth 
which  has  been  gradually  clearing  has  now  become  perfectly  clear.  After 
forty-five  days  in  the  incubator,  feeble  proteolysis  is  noted  in  the  extreme 
top  layers  of  the  meat.  Eight  months  after  seeding  the  meat  is  about  one- 
fourth  digested,  leaving  the  otherwise  unaltered  muscular  tissue  much 
blackened:  the  odor  is  only  faintly  putrefactive.  The  reaction  of  the 
culture  is  at  this  time  Ph.  6.8.  There  is  no  production  of  tyrosine  or  other 
crystals. 

B.  bellonensis.  From  its  action  upon  cooked  meat  medium  I  am  in- 
clined to  regard  this  organism  as  a  member  of  the  so-called  intermediate 
group  of  spore-bearing  anaerobes.  The  very  feeble  proteolysis  is  not  even 
as  marked  as  in  the  case  of  B.  bifermentans. 

After  twenty-four  hours  have  elapsed  the  meat  is  very  slightly  darkened 
in  the  extreme  depths  of  the  culture.  No  gas  is  at  this  time  produced. 
After  four  days  there  is  a  small  amount  of  gas  produced  amounting  to 
2  cm.  or  less  —  and  the  slightly  clouded  fluid  at  this  time  becomes  clear. 
No  proteolysis  is  to  be  noted.  There  is  little  change  in  the  culture  from 
this  time  on.  The  zone  of  darkening  extends  until  about  one-half  of  the 
meat  is  so  affected  and  at  the  end  of  five  months  there  is  a  trace  of  di- 
gestion in  the  extreme  bottom  of  the  meat. 

Reaction  after  eight  months  Ph.  6.8. 

B.  aerofoetidis.  About  one  cm.  of  gas  is  produced  at  the  end  of  twenty- 
four  hours  incubation:  otherwise  there  is  no  change.  After  forty-eight 
hours  the  meat  in  the  lower  half  of  the  tube  becomes  much  darker  in 
color,  but  is  not  blackened  as  in  the  case  of  the  frankly  proteolytic  organ- 
isms, or  B.  bifermentans  or  B.  bellonensis.  There  is  no  change  from  this 
time  on  until  the  eighth  day  when  the  fluid  becomes  clear.  Gas  pro- 
duction is  not  increased.    There  is  but  little  further  alteration. 
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After  eight  months  slight  traces  of  proteolysis  are  to  be  noted  in  the 
extreme  bottom  of  the  meat.  The  odor  of  the  culture  is  not  penetratingly 
foul  but  slightly  foetid,  one  might  say  in  an  acid  way. 

Reaction  eight  months  after  planting,  Ph.  7.00. 

B.  oedcmatiens.  Copious  gas  production  marks  the  first  twenty-four 
hours  incubation,  often  occurring  in  amounts  as  great  as  3  cm.,  the  average 
being  about  2  cm.  The  meat  is  markedly  reddened  in  color.  On  the 
fourth  day  or  thereabouts,  the  fluid  becomes  clear.  This  is  in  striking 
contrast  to  the  clearing  of  the  broth  in  the  case  of  the  proteolytic  organ- 
isms, which,  as  has  already  been  pointed  out,  usually  takes  much  longer 
and  in  some  cultures  is  not  complete  even  after  eight  months. 

The  meat  gradually  becomes  a  lighter  red  until  after  about  twenty 
days  incubation  it  assumes  a  salmon  pink  hue  which  is  permanent. 

After  eight  months  the  culture  remains  practically  unaltered.  The 
particles  of  muscular  tissue  may  be  said  to  be  somewhat  reduced  in  indi- 
vidual size  but  there  is  no  reduction  in  the  total  volume  of  the  meat. 
Reaction  at  the  end  of  eight  months.  Ph.  6.6.  The  gas  produced  by  B. 
oedematiens  upon  cooked  meat  medium  is  not  as  great  in  amount  as  that 
produced  by  B.  welchii  but  is  of  larger  volume  than  that  produced  by 
Vibrion  septique. 

Vihrion  septique.  The  reaction  of  this  organism  upon  our  cooked  meat 
medium  agrees  with  the  observations  made  by  Heller  i"  to  the  effect  that 
the  organism  is  not  in  the  least  proteolytic  and  gives  a  typical  non- 
proteolytic  or  saccharolytic  reaction. 

After  twenty-four  hours  incubation  usually  about  2  cm.  of  gas  are 
produced  the  meat  becomes  a  bright  copper  red.  There  is  no  change 
until  the  eighth  day  when  the  fluid  clears. 

The  above  described  situation  remains  constant.  There  is  no  further 
production  of  gas.  After  eight  months  the  meat  particles  slightly  dimin- 
ish in  size  but  there  is  absolutely  no  reduction  of  the  total  volume  of  tissue. 
Reaction  after  eight  nionths,  Ph.  6.4. 

B.  of  GJion  and  Sacks.    As  for  Vibrion  septique. 

B.  Jallax.  In  my  hands  B.  fallax  showed  no  evidence  of  growth  upon 
this  medium  at  the  end  of  twenty-four  hours.  After  forty-eight  had 
elapsed,  however,  sutHcient  gas  was  produced  to  account  for  i  cm.  rise  of  the 
vaseline  cap,  the  meat  tending  to  become  red.  On  the  third  day  the  meat 
particles  assume  a  bright  pink  color  which  does  not  fade  or  become  altered 
even  after  eight  months.  After  eight  days  of  incubation  the  broth  be- 
comes clear.  There  is  no  deviation  from  the  above.  No  black  pigment 
was  noticed  as  reported  by  Henry. '*  There  is  absolutely  no  evidence  of 
proteolysis.    Reaction  after  eight  months,  Ph.  6.5. 

B.  welchii.  The  action  of  B.  welchii  upon  this  medium  is  clearly  de- 
fined and  it  is  relatively  an  easy  matter  to  differentiate  it  from  other 
organisms  of  the  non-proteolytic  group. 
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After  twenty-four  hours  there  are  produced  between  4  and  5  cm.  of 
gas;  the  meat  particles  become  somew^hat  swollen  and  ver}'  red.  Gas  is 
produced  with  such  violence  as  to  suggest  that  the  culture  is  receiving 
gentle  boiling.  B.  welchii  doubtlessly  produces  more  gas  on  this  medium 
than  does  any  other  organism  and  unless  sufficient  vaseline  is  appHed  to 
the  top  of  the  culture  the  cotton  plug,  with  the  vaseline  cap,  w'ill  in- 
variably be  blown  from  the  tube.  At  the  end  of  forty-eight  hours  the 
total  amount  of  gas  is  somewhat  increased  but  the  violence  of  the  reaction 
has  markedly  subsided.  This  remains  unaltered  until  the  fourth  day, 
when  the  slightly  clouded  fluid  becomes  clear.  After  ten  days  the  parti- 
cles of  meat  may  be  said  to  be  somewhat  reduced  in  size  but  there  is  no 
reduction  in  the  total  volume  of  the  tissue.  There  seems  to  be  but  little 
further  alteration.  At  the  end  of  eight  months  the  meat  is  still  brilliantly 
red,  appearing  almost  carmine  in  color.  Even  after  a  lapse  of  eight 
months  there  was  not  the  sHghtest  evidence  of  proteolysis  or  black  pig- 
ment production. 

B.  welchii  is  identified  wdth  ease  upon  cooked  meat  media.  It  pro- 
duces more  gas  than  does  any  other  member  of  the  saccharolytic  group. 
The  meat  particles  are  thus  more  enlarged  and  the  meat  takes  on  a 
brighter  hue  of  red  than  is  seen  in  the  case  of  any  of  the  others.  Re- 
action after  eight  months.  Ph.  6.6. 

B.  tertius.  The  action  of  this  organism  upon  cooked  meat  media 
somewhat  resembles  that  of  B.  welchii.  However,  during  the  first 
twenty-four  hours  B.  tertius  does  not  produce  nearly  as  much  gas  and  the 
color  assumed  by  the  meat  is  not  as  deep  a  red,  tending  more  toward  a 
salmon  pink.  The  fermentation  subsides  at  the  end  of  forty -eight  hours. 
There  is  no  further  change  until  the  twentieth  day  when  the  fluid  be- 
comes clear.  (It  will  be  noted  that  the  fluid  portion  of  the  culture  of 
B.  welchii  clears  at  the  end  of  four  days.)  After  thirty  days  of  incubation 
the  meat  assumes  a  Hght  salmon  pink  color  in  marked  contrast  to  the 
permanent  deep  red  of  B.  welchii. 

Eight  months  after  planting,  the  culture  shows  no  further  alteration. 
There  is  no  proteolysis  nor  production  of  black  pigment.  Reaction  after 
eight  months.  Ph.  6.8. 

Brom  Cresol  Purple  Milk 
B.  sporo genes.  Gas  is  produced  in  this  medium  after  seventy-two 
hours  of  mcubation  and  on  the  fourth  day  there  is  clotting  of  the  milk. 
On  the  sixth  day  the  clot,  still  retaining  its  cylindrical  shape,  separates 
from  the  walls  of  the  tube  and  is  surrounded  by  a  small  amount  of  turbid 
fluid.  Digestion  proceeds  rapidly  and  after  eight  days  nothing  remains 
of  the  clot  save  a  very  small  cylindrical  fragment.  A  large  amount  of  gas 
is  at  this  time  in  evidence,  amounting  to  a  3  cm.  rise  of  the  vasehne  seal. 
The  milk  is  replaced  by  turbid  yellow^  fluid.  There  is  no  alteration  of  the 
above  condition  for  some  months.  The  fluid  clears  very  gradually,  and 
after  six  months  have  elapsed,  the  small  fragment  of  clot  entirely  disap- 
pears. After  eight  months  the  hydrogen  ion  concentration  of  the  clear, 
straw  colored  liquid  reads  Ph.  6.8. 
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B.  botiilimis.  On  the  third  day  of  incubation  the  milk  is  firmly  clotted 
but  no  production  of  gas  is  at  this  time  in  evidence.  On  the  fourth  day 
the  clot  is  fully  two-thirds  digested,  leaving  a  small  amount  of  flaky, 
mushy,  unorganized  material  in  the  bottom  of  the  tube.  After  eight 
days  the  fluid  will  be  found  to  have  cleared,  while  the  flaky  residue  at  the 
bottom  of  the  tube  is  markedly  reduced  in  volume.  There  is  but  little 
change  from  the  above  for  some  months.  After  eight  months,  the  flaky 
residue  is  practically  aU  digested,  leaving  only  a  few,  small  white  frag- 
ments. Hydrogen  ion  concentration  of  the  clear  straw  colored  fluid  was 
Ph.  6.8.    There  is  no  gas  produced  throughout  the  entire  reaction. 

B.  putrificus.  There  is  feeble  production  of  gas  in  the  milk  culture 
after  four  days  of  incubation  and,  when  ten  days  have  elapsed,  the  mflk 
which  has  become  clotted  is  reduced  about  one-quarter  in  volume.  It  is 
overlayed  with  cloudy  fluid.  After  fifteen  days  of  incubation  the  mushy, 
flaky  remaining  clot  is  reduced  about  one-half  of  its  total  volume,  and  at 
this  time  also,  the  fluid  clears,  leaving  a  light  straw  colored  liquid.  There 
is  no  change  from  the  above.  After  eight  months  the  hydrogen  ion  con- 
centration of  the  liquid  was  Ph.  6.6. 

B.  tetani.  This  organism  attacks  the  milk  but  slightly.  Feeble  pro- 
duction of  gas  marks  the  third  day  of  incubation,  accompanied  by  the 
production  of  a  hard  acid  clot.  This  is  reduced  about  one-quarter  of  its 
volume  after  ten  days  of  incubation,  at  which  time  also,  it  will  be  found 
to  have  contracted  and  shrunken  away  from  the  walls  of  the  tube,  being 
displaced  by  clear,  watery  fluid.  There  is  no  further  alteration.  The 
hydrogen  ion  concentration  of  the  culture  after  eight  months  reads  Ph.  6.4. 

B.  ocdematis  nialigni.  After  twenty-four  hours  of  incubation,  gas  is 
produced  sufficient  to  account  for  a  i  cm.  rise  of  the  vaseline  cap.  On 
the  sixth  day  the  milk  forms  into  a  soft  fragile  clot,  and  from  this  time  on 
digestion  proceeds  rapidly.  After  eight  days  the  clot  is  digested  to  about 
one-half  of  its  volume,  being  overlayed  by  clear  watery  fluid.  x\fter 
twelve  days  nothing  remains  of  the  clot  save  a  smaU  cylindrical  fragment, 
which  entirely  disappears  at  the  end  of  thirty  days.  Gas  production  is 
not  increased  from  the  amount  mentioned  above.  Hydrogen  ion  con- 
centration after  eight  months.  Ph.  6.8. 

B.  histolyticus.  B.  histolyticus  does. not  alter  the  mflk  until  after  the 
third  day  of  incubation,  after  which  time  a  soft  mushy  clot  is  produced. 
No  gas  is  formed  at  this  time  nor  at  any  time  throughout  the  reaction. 
On  the  sixth  day  the  mushy  substance  is  about  one-half  digested,  being 
overtopped  with  clear  fluid.  On  the  eighth  day  the  clot  is  probably  two- 
thirds  reduced  and  ten  days  later  it  is  entirely  digested.  A  clear,  light, 
straw  colored  fluid  replaces  it.  There  is  no  further  change.  Hydrogen 
ion  concentration  after  eight  months.  Ph.  7.00. 

B.  bifermentans.  In  the  mflk  culture  of  this  organism,  there  is  clotting 
after  the  second  day  of  incubation.    The  clot  is  soft  and  granular.    After 
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the  fourth  day  it  is  reduced  in  volume  about  twenty-five  per  cent,  and 
five  days  later  it  is  at  least  three-quarters  digested.  The  fluid  clears  on 
the  tenth  day.  No  gas  is  produced  at  any  time  throughout  the  reaction. 
B.  bifermentans  shows  more  evidence  of  proteolysis  upon  the  milk 
medium  than  in  any  other  substance.  There  is  no  further  change  from 
the  above.  The  hydrogen  ion  concentration  of  the  clear,  straw  colored 
liquid  reads  after  eight  months,  Ph.  6.5. 

B.  hellonensis.  The  action  upon  milk  is  similar  in  all  respects  to  that 
produced  by  B.  bifermentans,  with  the  exception  that  instead  of  pro- 
ducing a  soft  granular  clot,  that  produced  by  B.  bellonensis  is  quite  hard 
and  firm.    Hydrogen  ion  concentration  after  eight  months.  Ph.  6.6. 

B.  aerofoetidis.  The  milk  is  formed  into  a  hard  acid  clot  after  twenty- 
four  hours  incubation.  No  gas  is  produced.  There  is  little  alteration  of 
the  above  over  a  period  of  months.  At  the  end  of  eight  months  the  clot 
will  be  found  to  have  shrunken  to  some  e.xtent  and  to  have  squeezed  away 
from  the  walls  of  the  tube.  There  is  at  this  time  a  trace  of  gas.  Hydro- 
gen ion  concentration,  Ph.  6.2. 

B.  oedanatiens.  Gas  is  produced  by  this  organism  at  the  end  of  forty- 
eight  hours  incubation.  Clotting,  however,  is  not  in  evidence  until  after 
the  fourth  day.  The  solid  acid  clot  slightly  separates  from  the  vaseline 
seal,  leaving  a  ring  of  clear  liquid,  at  the  top.  There  is  no  further  altera- 
tion. After  eight  months  the  clot  will  be  found  to  have  shrunken  away 
from  the  walls  of  the  tube,  not  to  a  marked  degree,  however.  Hydrogen 
ion  concentration,  Ph.  5.6. 

Vibrion  septique.  Vibrion  septique  does  not  alter  the  milk  until  after 
six  days  of  incubation.  A  firm  acid  clot  is  then  produced,  and  sufficient 
gas  to  account  for  the  vaseline  cap  rising  about  i  cm.  After  fourteen 
days  the  firm  clot  becomes  somewhat  spUt,  and  there  is  separation  at  the 
top  and  sides  of  the  tube.  The  separated  portion  being  replaced  by  clear 
liquid.  This  marks  the  end  point  of  the  reaction.  After  eight  months  the 
hydrogen  ion  concentration  of  the  culture  is  Ph.  5.8. 

B.  of  Ghon  and  Sachs.  The  reaction  upon  milk  is  identical  with  that 
described  for  Mbrion  septique. 

B.  fallax.  B.  fallax  gave  no  evidence  of  activity  upon  the  milk  until 
after  twenty  days  of  incubation.  It  then  clotted  the  milk  into  a  very 
loosely  organized  mass,  with  the  production  of  a  few  bubbles  of  gas. 
There  was  no  further  alteration.  Hj'drogen  ion  concentration  after 
eight  months,  Ph.  6.6. 

B.  welchii.  The  characteristic  stormy  type  of  action  was  invariably 
produced  by  the  cultures  of  B.  welchii.  It  is  so  well  known  that  no  further 
description  of  it  will  be  given  here.  Hydrogen  ion  concentration  after 
eight  months,  Ph.  5.2. 


B.  tcrlius.  In  contradistinction  to  the  action  of  B.  welchii,  B.  tertius 
produced  a  soft  clot  in  the  milk  after  forty-eight  hours  incubation,  ac- 
companied by  a  few  bubbles  of  gas.  There  was  no  further  evidence  of 
activity  until  after  a  number  of  months,  when  slight  contraction  of  the 
clot  was  to  be  noted,  leaving  a  small  amount  of  clear  fluid  at  the  top  and 
sides  of  the  tube.  Hydrogen  ion  concentration  after  eight  months,  Ph.  5.9. 

Solidified  Egg  Albumn  Cube  Broth 

B.  sporogenes.  Twenty-four  hours:  The  cube  of  egg  solidified  albumin 
is  in  this  time  about  one-half  digested,  about  ^  cm.  of  gas  is  produced, 
profuse  clouding  of  the  broth  takes  place,  and  there  is  an  extremely  foul 
odor. 

Forty-eight  hours:  Cube  of  egg  albumin  about  three-quarters  digested, 
leaving  a  small  brown  fragment.  Gas  increased  to  about  i  cm.  rise  of  the 
vaseline  cap  in  the  tube. 

Seventy-two  hours:  Egg  albumin  is  at  this  time  entirely  proteolyzed, 
leaving  a  small  amount  of  residue  composed  of  a  white  slimy  substance. 
Gas  slightly  increased  to  about  i|  cm. 

There  is  no  further  change  through  fortj-five  days  of  incubation.  The 
broth  does  not  begin  to  clear  until  about  the  sixtieth  day,  gradually  clear- 
ing from  then  on,  until  at  the  end  of  about  ninety  days  there  is  no  further 
evidence  of  clouding.  Observation  for  eight  months  gives  no  further 
information.  At  no  time  is  there  any  black  pigment  produced  in  the 
fluid  nor  is  there  any  blackening  of  the  egg  albumin  cube.  The  reaction 
seems  characterized  by  its  rapidity  of  digestion,  foul  odor,  production  of 
gas,  and  tenacious  clouding  of  the  broth. 

B.  botulinus.  Twenty-four  hours:  About  i  cm.  of  gas  is  produced  and 
the  cube  of  egg  albumin  is  about  one-half  digested.  The  fluid  is  heavily 
clouded. 

Forty-eight  hours:  Gas  production  is  at  this  time  increased  to  about 
2  cm.  rise  of  the  vaseline  cap  and  the  cube  of  egg  albumin  is  at  least 
two-thirds  digested. 

Seventy- two  hours:  The  small  remaining  undigested  fragment  of  the 
cube  is  at  this  time  rendered  rather  translucent.    Gas  is  not  increased. 

The  unproteolyzed  fragment  of  albumin  decreases  in  size  daily  and 
takes  on  a  dirty  brown  color.  After  eight  days  nothing  remains  save  a 
tiny  brown  translucent  fragment.  There  is  no  further  change  until  the 
fourteenth  day  when  the  fluid  wiU  be  found  to  have  begun  to  clear.  At 
the  end  of  twenty  days  the  albumin  is  entirely  digested,  leaving  only  a 
trace  of  unorganized  residue.  The  fluid  at  this  time  is  only  faintly 
clouded.  This  reaction  remains  unaltered  until  after  about  sixty  days, 
when  the  broth  has  become  clear.  There  is  no  further  action.  Reaction 
at  the  end  of  eight  months,  Ph.  7.4.  As  will  be  noted,  the  digestion  is 
more  gradual  than  that  carried  on  by  B.  sporogenes. 
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B.  putrificus.  Twenty-four  hours:  Gas  production  enough  to  cause 
I  cm.  rise  of  the  vaseline  cap;  also  digestion  of  the  egg  albumin  amount- 
ing to  about  one-quarter  of  its  volume.  After  forty-eight  hours  the  re- 
maining fragment  becomes  translucent.  This  fragment  diminishes  in 
size  daily  and  on  about  the  eighth  day  it  will  be  found  to  have  entirely 
disappeared,  leaving  a  small  amount  of  unorganized  mucoid  deposit  in 
the  bottom  of  the  tube.  This  reaction  remains  unchanged.  At  the  end 
of  forty-five  days  the  heavily  clouded  fluid  has  finally  become  clear. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  7.4. 

It  is  quite  evident  that  these  proteolytic  organisms  do  not  alkalinize 
the  media  to  as  great  an  extent  as  has  been  heretofore  supposed. 

B.  oedematis  maligni.  The  action  of  B.  oedematis  upon  this  media  is 
characterized  by  its  rapidity.  At  the  end  of  twenty-four  hours  the  cube 
of  egg  albumin  is  nearly  all  digested,  only  a  small  fragment  remaining. 
There  is  slight  gas  production  amounting  to  about  i  cm.  rise  of  the  vaseline 
cap  in  the  tube.  After  forty-eight  hours,  gas  production  is  somewhat  in- 
creased. The  particle  of  undigested  egg  white  is  at  this  time  reduced  in 
size  to  a  tiny  dark  brown  speck.  On  the  third  day  of  incubation  it  turns 
black  and  after  four  days  have  elapsed,  entirely  disappears.  The  heavily 
clouded  broth  begins  to  clear  at  the  end  of  twenty  days,  gradual  precipi- 
tation occurring  until  after  about  the  sixtieth  day  it  will  be  found  to  have 
entirely  sedimented.    Reaction  after  eight  months,  Ph.  7.4. 

B.  tetani.  This  organism  gives  rather  a  characteristic  reaction  upon 
the  egg  albumin  cube,  several  duplicate  cultures,  which  were  planted, 
invariably  producing  the  same  peculiar  type  of  decomposition. 

At  the  end  of  twenty-four  hours  gas  is  produced  to  the  amount  of 
about  2  cm.  rise  of  the  vaseline  cap  in  the  tube.  The  cube  of  egg  albumin 
is  about  one-fourth  reduced  in  size  but,  strange  to  say,  the  disintegrated 
substance  remains  as  a  sUmy,  stringy  halo  about  the  unattacked  portion 
of  the  cube.  The  amount  of  gas  produced  is  doubled  after  forty-eight 
hours  and  the  peculiar  process  of  decomposition  at  this  time  embraces 
about  one-half  of  the  cube.  As  usual,  the  reaction  is  accompanied  by 
profuse  clouding  of  the  broth.  Slow  proteolysis  of  the  type  described 
proceeds.  On  the  eighth  day  the  fluid  gradually  begins  to  clear  and  about 
a  week  later  completes  its  process*  of  sedimentation.  On  the  forty-fifth 
day  the  cube  of  albumin  is  practically  two-thirds  digested,  the  attacked 
portion  appearing  not  to  go  into  solution  but  remaining  about  the  un- 
altered cube  in  the  peculiar  halo-like  manner.  At  the  end  of  eight  months 
there  is  no  further  evidence  of  digestion,  nor  is  the  above  description  at 
all  altered.    Reaction  at  this  time,  Ph.  7.00. 

B.  histolyliciis.  No  gas  is  produced  on  this  medium  at  any  time  through- 
out the  reaction. 

When  twenty-four  hours  have  elapsed  the  broth  becomes  a  little 
clouded  and  a  slight  chipping  off  of  fragments  of  the  albumin  cube  is  to 
be  noted.  This  unusual  type  of  digestion  proceeds  slowly,  small  frag- 
ments being  chipped  off  from  time  to  time.  Some  of  these  go  into  solution 
while  others  remain  at  the  bottom  of  the  tube  in  an  unaltered  condition. 


1 86  KAHN 

This  peculiar  process  of  digestion  gives  the  cube  a  curious  appearance  of 
irregularity  especially  about  its  margins.  The  fluid  is  clear  at  the  end  of 
thirty  days.  After  forty-five  days  of  incubation  the  cube  may  be  said  to 
be  reduced  about  one-half  in  volume.  There  are  at  this  time  numerous 
fragments  of  unattacked  albumin  at  the  bottom  of  the  tube.  No  further 
change  is  noted  during  the  eight  months  of  observation.  The  reaction  at 
this  time  is  Ph.  7.7. 

B.  hifermentans.  The  reaction  about  to  be  described  seems  charac- 
teristic for  the  above-named  organism.  That  it  is  not  a  chance  occurrence 
has  been  determined  by  repeating  the  test  on  several  occasions. 

At  the  end  of  twenty-four  hours  the  fluid  is  noticeably  clouded;  the 
egg  albumin  cube,  however,  seems  unaltered.  No  gas  is  at  this  time  pro- 
duced and  after  forty-eight  hours  the  reaction  is  complete  with  the  ex- 
ception of  a  gradual  clearing  of  the  fluid.  It  is  to  be  noted  that  the  edges 
of  the  cube  have  been  very  noticeably  attacked.  They  appear  irregularly 
scalloped,  giving  the  impression  of  having  had  small  fragments  removed 
at  intervals.  The  edges  are  also  translucent  for  some  little  distance 
towards  the  center.  However,  that  which^is  of  greatest  interest  is  the 
stringy  mucoid  type  of  digestion  which  takes  place  at  the  bottom  of  the 
cube.  This  slimy,  elastic  product  forms  a  sort  of  cushion  on  which  the 
imattacked  portion  of  the  egg  albumin  rests.  When  the  tube  is  inverted 
one  end  of  the  elastic  material  remains  attached  to  the  bottom  of  the 
tube  while  the  other  end  clings  fast  to  the  cube,  which  is  at  this  time  in 
contact  with  the  vaseline  cap,  thus  stretching  a  wide  white  ribbon  of 
altered  egg  albumin  from  top  to  bottom  of  the  tube.  One  cm.  rise  of  the 
vaseline  cap  is  indicative  of  the  production  of  that  amount  of  gas.  There 
seems  to  be  no  reduction  of  the  total  volume  of  the  albumin.  The  broth 
gradually  clears  in  about  thirty  days.  Even  after  eight  months  there  is 
no  further  alteration.    Hydrogen  ion  concentration.  Ph.  6.8. 

B.  bellonensis.  After  twenty-four  hours  incubation  there  is  marked 
clouding  of  the  broth,  together  with  enough  gas  production  to  raise  the 
vaseline  cap  about  i  cm.  At  the  end  of  forty-eight  hours  slight  evidence 
of  proteolysis  is  to  be  noted  around  the  lower  portion  of  the  cube.  The 
fluid  clears  in  about  forty-five  days.  During  eight  months  of  observation 
there  was  no  further  change.    Ph.  7.0b. 

B.  aerojoetidis.  Extremely  feeble  proteolytic  action  is  the  cultural 
characteristic  of  B.  aerofoetidis  upon  this  medium. 

Aside  from  profuse  clouding  of  the  broth  there  is  no  reaction  until  the 
third  day  when  enough  gas  is  produced  to  cause  a  2  cm.  rise  of  the  vaseUne 
cap.  On  the  eighth  day  one  notices  that  the  edges  of  the  albumin  cube 
are  very  sHghtly  attacked.  The  tenth  day  of  incubation  marks  a  slight 
clearing  of  the  broth.  This  continues  gradually  until  the  forty-fifth  day, 
when  the  fluid  becomes  clear.  There  is  no  further  proteolysis.  Hydrogen 
ion  concentration  after  eight  months.  Ph.  6.6. 

B.  oedimatiens.  Gas  enough  to  cause  the  vaseUne  cover  to  rise  i  cm. 
is  produced  at  the  end  of  twenty-four  hours.     There  is  no  apparent 
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proteolysis  and  no  further  gas  production.  The  fluid  begins  the  process 
of  clearing  on  the  third  day  and  after  ten  days  there  is  no  further 
evidence  of  clouding.  Even  after  eight  months  there  is  no  hint  of 
digestion.     Hydrogen  ion  concentration,  Ph.  6.6. 

Vibrion  septique.  After  twenty-four  hours  incubation  there  is  enough 
gas  produced  to  raise  the  vaseline  about  0.5  cm.  The  fluid  is  cloudy  but 
not  nearly  so  much  so  as  in  the  case  of  the  other  organisms  studied  upon 
this  medium.  The  fluid  begins  to  clear  on  the  eighth  day  and  completes 
the  process  on  the  twentieth  day.  There  is  no  suggestion  of  proteolysis. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  6.6. 

B.  of  Ghon  and  Sachs.    Identical  with  Vibrion  septique. 

B.  fallax.  Aside  from  a  slight  clouding  of  the  broth  which  clears  at  the 
end  of  four  days,  and  a  few  small  bubbles  of  gas,  there  is  no  action  upon 
this  medium.  At  no  time  is  there  even  the  slightest  evidence  of  proteoly- 
sis.   Hydrogen  ion  concentration  after  eight  months.  Ph.  6.9. 

B.  welchii.  Twenty-four  hours  at  incubation  temperature  marks  the 
production  of  gas  sufficient  to  raise  the  vasehne  cap  if  cm.  This  doubles 
after  forty-eight  hours.  There  is  profuse  clouding  of  the  broth  which 
clears  after  about  four  days.  There  is  no  alteration  in  the  cube  of  egg 
albumin,  even  after  eight  months.  Hydrogen  ion  concentration  after 
eight  months.  Ph.  6.4. 

B.  tertius.  After  the  first  twenty-four  hours  about  I5  cm.  rise  of  the 
vaseline  cap  is  produced.  The  fluid  clouds  slightly  and  clears  after  eight 
days.  This  marks  the  stopping  point  of  the  reaction.  There  is  no  further 
production  of  gas  nor  is  the  cube  of  egg  albumin  reduced  in  volume  or 
altered  in  any  way.  Hydrogen  ion  concentration  after  eight  months, 
Ph.  6.8. 

Gelatin 

B.  sporogenes.  Aitex  twenty-four  hours  there  is  no  reaction  upon  this 
media.  Liquefaction  starts  after  forty-eight  hours,  continuing  graduaUy 
until  the  sixth  day,  when  the  gelatin  is  completely  liquefied.  Only  a 
trace  of  gas  is  produced.  The  medium  begins  clearing  on  the  eighth  day, 
continuing  to  do  so  graduaUy.  After  sixty-five  days  the  substance  is 
clear. 

A  small  amount  of  dirty  gray  residue  is  to  be  seen  at  the  bottom  of  the 
tube.    Hydrogen  ion  concentration  at  the  end  of  eight  months,  Ph.  7.00. 

B.  hotulinus.  Complete  liquefaction  occurs  after  twenty-four  hours 
with  the  production  of  i  cm.  rise  of  the  vaseline  cap  in  the  tube.  The 
fluid  remains  tenaciously  cloudy  until  about  thirty-five  days  have  elapsed 
when  it  begins  to  clear.  The  fluid  is  entirely  clear  after  about  sixty-five 
days.  The  organisms  settle  to  the  bottom  in  a  slimy,  dirty  gray  residue. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  7.00. 
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B.  putrificus.  No  liquefaction  is  apparent  until  forty-eight  hours  have 
elapsed  and  at  this  time  it  is  only  partial,  the  stiff  gelatin  becoming  re- 
duced to  a  jelly-like  consistency.  After  the  third  day  the  substance  is 
completely  liquefied.  A  trace  of  gas  is  produced.  The  very  cloudy  fluid 
clears  gradually  after  twenty  days,  depositing  the  usual  dirty  gray  residue 
upon  the  bottom  of  the  tube.  Hydrogen  ion  concentration  at  the  end  of 
eight  months,  Ph.  7.00. 

B.  oedematis  maligni.  On  account  of  the  powerful  proteolytic  action  of 
this  organism  upon  other  media,  it  was  somewhat  of  a  surprise  to  note 
that  its  liquefying  action  upon  gelatin  was  less  rapid  than  that  of  other 
members  of  the  proteolytic  group. 

There  is  no  alteration  after  twenty-four  hours,  and  after  forty-eight 
hours  there  is  only  partial  liquefaction  in  the  depths  of  the  culture.  This 
gradually  extends  upward,  being  accompanied  by  profuse  clouding. 
After  four  days  the  gelatin  is  liquefied  except  for  a  small  zone  at  the  top 
of  the  tube,  extending  downward  about  i  cm.  There  is  gradual  lique- 
faction of  this  unaltered  area  until  the  eighth  day  when  this  process  may 
be  said  to  be  complete.  After  about  ten  days  the  fluid  begins  to  clear. 
Three  weeks  later  there  is  no  further  evidence  of  clouding.  At  the  end  of 
forty-eight  hours  a  trace  of  gas,  amounting  to  a  few  bubbles,  is  produced. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  7.00. 

B.  histolyticus.  This  organism  completely  liquefies  gelatin  after 
twenty-four  hours,  forming  a  dense  white  cloud  of  growth.  At  the  end  of 
forty-eight  hours  there  is  a  marked  clearing  of  the  fluid,  especially  at  the 
top.  This  process  continues  rather  rapidly  as  compared  with  other  mem- 
bers of  the  proteolytic  group,  and  after  about  twelve  days  there  is  no 
further  evidence  of  clouding.  No  gas  is  produced  at  any  time.  The  pre- 
cipitate accumulated  at  the  bottom  of  the  culture  is  nearly  snow-white, 
while  in  the  case  of  other  members  of  the  proteolytic  group,  as  has  already 
been  pointed  out,  the  residue  takes  on  a  dirty  slate  gray  color.  Hydrogen 
ion  concentration  after  eight  months.  Ph.  7.4. 

B.  bifcrmcntans.  After  twenty-four  hours,  partial  liquefaction  of  the 
gelatin  occurs,  increasing  to  complete  liquefaction  after  the  second  day.  A 
small  amount  of  gas  accompanies  this  reaction.  There  is  a  marked  tend- 
ency toward  clearing  after  about  the  third  week.  At  this  time  the  top 
half  of  the  medium  is  perfectly  clear,  while  the  lower  portion  is  still  cloudy. 
This  clouding  gradually  disappears  and  after  about  thirty-five  days  the 
medium  is  perfectly  clear.  There  is  al  arge  amount  of  dirty  gray  residue 
at  the  bottom  of  the  tube,  composed  mostly  of  spores  and  dead  bacilli. 
Hydrogen  ion  concentration  at  the  end  of  eight  months,  Ph.  7.00. 

B.  bellonensis.  Although  growth  in  this  medium  is  profuse,  there  is  no 
evidence  of  liquefaction  until  the  eighth  day,  when  partial  liquefaction  is 
to  be  noted.  This  condition  remains  unaltered  for  twenty-one  days, 
after  which  time  the  gelatin  may  be  said  to  be  completely  liquefied.  Only 
a  few  bubbles  of  gas  are  produced.    A  characteristic  of  the  reaction  is  the 
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slow  action  of  the  liquefying  ferment.  The  fluid  clears  in  thirty-five  days, 
with  the  usual  accumulation  of  dirty  gray  detritus  at  the  bottom  of  the 
tube.    Hydrogen  ion  concentration  at  the  end  of  eight  months,  Ph.  7.00. 

B.  aerofoetidis.  Growth  in  this  medium  is  profuse  after  twenty-four 
hours,  but  there  is  no  evidence  of  liquefaction  until  the  end  of  the  sixth 
day.  This  increases  gradually  until  the  eighth  day  when  the  process  may 
be  said  to  be  complete.  There  occurs  also  at  this  time  a  clearing  of  the 
fluid.  A  few  bubbles  of  gas  are  produced  forty-eight  hours  after  planting. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  6.6. 

B.  oedanatiens.  Twenty-four  hours  growth  in  this  medium  is  marked 
by  the  production  of  enough  gas  to  cause  about  a  2  cm.  rise  of  the  vaseline 
cap  in  the  tube.  There  is  profuse  clouding  of  the  gelatin  but  liquefaction 
does  not  begin  until  the  third  day,  becoming  complete  by  the  fourth  day. 
Gas  production  after  about  eight  days  has  slightly  increased,  amounting 
to  over  3  cm.  A  small  amount  of  white  detritus  is  to  be  seen  at  the  bottom 
of  the  tube,  occurring  simultaneously  with  the  clearing  of  the  medium 
which  takes  place  after  the  eighteenth  day. 

Vibrion  septiqiic.  The  action  of  Vibrion  septique  in  gelatin  is  com- 
plete after  four  days.  The  medium  is  thoroughly  liquefied  after  twenty- 
four  hours,  accompanied  by  the  production  of  enough  gas  to  produce  a 
I  cm.  rise  of  the  vaseline  cap.  After  forty-eight  hours  the  amount  of  gas 
is  doubled.  Absolute  clarification  occurs  on  the  fourth  day.  No  further 
production  of  gas  is  noted.  There  is  a  sparse  accumulation  of  whitish 
residue  at  the  bottom  of  the  tube.    Hydrogen  ion  concentration,  Ph.  6.4. 

B.  of  Ghon  and  Sachs.  The  reaction  in  gelatin  is  identical  with  that 
described  for  Vibrion  septique. 

B.  fallax.  This  is  the  only  organism  in  the  group  studied  which  does 
not  liquefy  gelatin.  Observations  were  made  over  a  period  of  eight 
months  and  although  there  was  rather  luxuriant  growth,  no  evidence  of 
liquefaction  was  to  be  obtained. 

B.  welchii.  Twenty-four  hours  growth  in  gelatin  gives  rise  to  the  pro- 
duction of  sufficient  gas  to  cause  the  rise  of  the  vaseline  cap  in  the  tube 
for  about  2  cm.  Complete  liquefaction  also  occurs  at  this  time.  No 
further  production  of  gas  is  noted  and  after  six  days  the  fluid  becomes 
perfectly  clear.    Ph.  6.4. 

B.  tertiiis.  In  gelatin  the  action  of  B.  tertius  is  in  marked  contrast  to 
that  produced  by  B.  welchii.  B.  tertius  produces  a  2  cm.  rise  of  the 
vaseline  cap  in  the  tube  after  forty-eight  hours,  and  although  growth  is 
luxuriant,  there  is  no  evidence  of  liquefaction  until  after  forty  days,  at 
room  temperature.  The  process  of  liquefaction  then  continues  slowly, 
being  completed  only  after  the  forty-fifth  day.  Two  days  later  the  erst- 
while cloudy  broth  is  rendered  clear.  There  is  no  further  gas  production. 
A  small  amount  of  white  residue  is  deposited  at  the  bottom  of  the  tube. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  6.6. 
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Alkaline  Egg  Fluid  of  Robertson  ^ 

B.  sporogenes.  This  organism  clots  the  egg  ■  fluid  during  the  first 
twenty-four  hours,  with  the  production  of  enough  gas  to  cause  a  i  cm. 
rise  of  the  vaseline  cap.  The  clot  is  subsequently  rapidly  digested.  Even 
after  twenty- four  hours  some  proteolysis  is  to  be  noted  at  the  top  of  the 
clotted  egg  fluid,  and  after  forty-eight  hours  the  material  is  about  one- 
third  digested,  the  proteolyzed  portion  being  displaced  by  a  turbid  fluid. 
After  the  eighth  day  the  clot  is  one-half  digested  and  on  the  tenth  day 
there  are  only  a  few  smaU  fragments  to  be  seen  floating  at  the  top  of  the 
much  clouded  fluid.  There  is  no  further  action.  The  fluid  becomes  some- 
what clearer  but  even  after  eight  months  it  remains  slightly  opaque. 
There  is  no  further  production  of  gas  after  the  first  twenty-four  hours. 
The  odor  produced  in  this  medium  while  characteristically  foul  is  not  as 
penetratingly  so  as  that  produced  in  other  media.  Hydrogen  ion  con- 
centration after  eight  months.  Ph.  7.00. 

B.  hotidiniis.  B.  botulinus  acts  with  comparative  slowness  on  the 
alkaline  egg  fluid,  no  effect  being  in  evidence  untfl  the  eighth  day  of  in- 
cubation when  feeble  gas  production  becomes  apparent.  At  this  time 
also  the  fluid  clots  and  there  is  a  shght  separation  of  the  clot  from  the 
sides  and  top  of  the  tube.  The  clot  slowly  digests,  maintaining  aU  the 
while  its  cylindrical  appearance.  Due  to  the  fact  that  there  is  but  feeble 
gas  production  it  is  not  split  as  are  the  clots  formed  in  the  case  of  some  of 
the  other  organisms.  After  thirty  days  incubation  the  clot  is  about  one- 
half  reduced  in  size,  the  residual  portion  still  being  in  the  shape  of  a 
cylinder.  At  this  time  also  the  fluid  which  has  displaced  the  proteolyzed 
portion  of  the  clot  is  water-clear.  No  further  evidence  of  digestion  is 
noted  even  after  eight  months  observation.  Hydrogen  ion  concentration 
after  eight  months,  Ph.  6.8. 

B.  putrificiis.  As  regards  proteolysis,  B.  putrificus  acts  more  rapidly 
on  the  alkaline  egg  fluid  than  on  any  other  media.  After  twenty-four 
hours  in  the  incubator  sufficient  gas  is  produced  to  account  for  a  i  cm. 
rise  of  the  vasehne  cap.  The  fluid  has  not  only  become  thoroughly 
clotted  but  at  the  upper  portion  of  the  clot  marked  digestion  is  to  be 
noted.  At  the  end  of  4  days  the  clot  is  reduced  about  one-half  in  volume 
and  after  6  days  have  elapsed  only  about  one-third  of  the  substance 
remains.  From  this  time  on  proteolysis  proceeds  gradually  and  after  ten 
days  in  the  incubator  nothing  remains  of  the  clot,  save  a  few  brownish 
gramfles.  The  fluid  which  has  displaced  the  digested  substance  is  water- 
clear.  There  is  no  further  production  of  gas.  Hydrogen  ion  concentration 
at  the  end  of  eight  months.  Ph.  6.8. 

B.  tetani.  This  medium  is  but  feebly  attacked  by  the  above-named 
organism.  Aside  from  the  egg  fluids  forming  into  a  soft  mushy  clot  after 
seventy-two  hours  incubation,  there  is  no  action  until  after  about  thirty 
days  in  the  incubator.  At  this  time  evidence  of  very  feeble  proteolysis 
may  be  noted  at  the  top  of  the  mushy,  fragile  clot,  leaving  a  narrow  band 
of  clear  watery  fluid  between  the  clot  and  the  vasehne.    (This  may  also 
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be  due  to  mere  shrinking  such  as  is  noted  in  the  case  of  organisms  com- 
prising the  saccharolytic  group.)  Proteolysis,  if  it  is  such,  proceeds  very 
slowly,  varying  in  degree  but  Httle  from  week  to  week.  There  is  no  gas 
formed  at  any  time  during  the  reaction. 

After  eight  months  there  is  a  gradation  in  the  tube  from  a  narrow  band 
of  slightly  opalescent  fluid  at  the  top  to  a  lower  zone  of  very  loosely 
organized  clotted  material,  there  being  in  the  central  portion  of  the  tube 
a  condition  about  midway  between  a  very  heavy  opalescent  and  a  very 
loosely  organized  clot.  Only  a  faint  odor  of  putrefaction  is  to  be  noted. 
Hydrogen  ion  concentration  after  eight  months,  Ph.  6.g. 

B.  ocdcmatis.  The  action  of  this  organism  upon  alkalme  egg  fluid 
strongly  resembles  that  of  B.  sporogenes.  After  twenty- four  hours,  suffi- 
cient gas  is  produced  to  account  for  the  rising  of  the  vaseline  cap  about 
I  cm.  The  fluid  is  thoroughly  clotted  and  clear  evidence  of  proteolysis  is 
to  be  noted  even  at  this  early  period.  Twenty-four  hours  later  only  about 
one-half  of  the  clot  remains  and  on  the  eighth  day  the  residual  portion 
amounts  to  about  one-third  of  the  original.  Water-clear  fluid  replaces  the 
clot  as  digestion  proceeds.  At  the  end  of  fourteen  days  the  clot  is  entirely 
digested,  leaving  only  a  few  small  whitish  fragments  floating  at  the  top. 
There  is  no  further  alteration.    Hydrogen  ion  concentration.  Ph.  6.8. 

B.  histolyticus.  There  is  no  action  on  alkaline  egg  fluid  until  after 
eight  days  of  incubation.  A  soft  fragile  clot  is  then  to  be  noted  but  there 
is  no  gas  produced  nor  is  there  any  evidence  of  digestion.  On  the  tenth 
day  a  slight  zone  of  proteolysis  is  in  evidence  at  the  top  of  the  clotted 
fluid,  with  a  narrow  band  of  clear  fluid  overtopping  it.  After  fourteen 
days  the  clot  is  proteolyzed  to  the  extent  of  one-half  of  its  volume,  cr>'stal 
clear  fluid  replacing  the  digested  portion.  The  remaining  clot  consists  of 
a  network  of  fine  filaments.  This  marks  the  final  reaction,  as  there  is  no 
further  alteration.  Hydrogen  ion  concentration  after  eight  months, 
Ph.  7.00. 

B.  bifcrmcntans.  After  twenty-four  hours  the  vaseline  cap  is  lifted 
about  one-half  cm.  from  the  surface  of  the  fluid.  There  is  a  marked 
thickening  of  the  medium,  causing  it  to  appear  about  the  consistency  of 
heavy  cream.  For  the  next  nine  days  there  is  no  alteration.  On  the 
tenth  day,  however,  the  thickened  fluid  becomes  frankly  clotted  with  a 
trace  of  digestion  apparent  at  the  top.  Digestion  gradually  increases 
until  the  fourteenth  day  when  the  clot  is  about  one-quarter  diminished  in 
size,  surmounted  by  clear  watery  fluid.  There  is  no  further  alteration. 
Hydrogen  ion  concentration  after  eight  months.  Ph.  6.9. 

B.  bellonensis.  Aside  from  a  thickening  of  the  fluid  after  forty-eight 
hours  incubation  there  was  no  further  action  upon  this  medium.  Hydro- 
gen ion  concentration  after  eight  months.  Ph.  6.9. 

B.  aerofoctidis.  The  above  mentioned  organism  gave  rise  to  no  re- 
action upon  this  medium. 
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Vihrion  septique.  Action  upon  this  substance  is  rather  characteristic 
in  that  after  twenty-four  hours  the  vaseUne  cap  rises  to  the  extent  of 
I  cm.  The  egg  fluid  daily  becomes  more  opaque  and  at  the  end  of  four- 
teen days  a  soft  mushy  clot  is  formed.  There  is  no  separation  at  the  top 
or  sides,  nor  is  there  any  evidence  of  digestion.  Hydrogen  ion  concen- 
tration after  eight  months,  Ph.  6.5. 

B.  of  G/ion  and  Sac/is.    As  for  Mbrion  septique. 

B.faUax.  As  regards  the  action  of  this  organism  on  alkaline  egg  fluid, 
my  results  are  at  variance  with  those  obtained  by  Henry, ^^  as  in  my 
hands  B.  fallax  persistently  refused  to  grow  in  the  substance  although 
repeated  attempts  were  made  to  induce  it  to  do  so. 

B.  welchii.  No  action  was  observed  in  this  medium,  save  the  pro- 
duction of  sufficient  gas  to  account  for  the  vaseline  caps  rising  i  cm.  In 
my  hands  the  cultures  of  B.  welchii  gave  rise  to  no  clotting  or  production 
of  a  fibrous  network  such  as  described  by  Henry. ^^ 

B.  teriius.  Regarding  the  action  of  B.  tertius  in  alkaline  egg  fluid,  my 
results  agree  with  those  obtained  by  Robertson  »  who  found  that  B. 
tertius  did  not  act  upon  the  undiluted  egg  fluid.  I  am  therefore  at  vari- 
ance with  Henry  on  this  point  for  he  described  opacity  and  clotting  after 
five  days. 

IMoDiriED  Egg  Water 

The  latency  of  action  upon  the  unmodified  alkaline  egg  fluid,  and  in 
some  cases  lack  of  any  action  at  all,  is  no  doubt  due  to  the  highly  alkalin- 
ized  condition  of  the  medium.  When  the  hydrogen  ion  concentration  is 
so  adjusted  as  to  brmg  it  nearer  the  optimal,  the  end  reaction  is  reached 
in  a  much  shorter  time,  and  in  the  case  of  the  organisms  which  did  not 
act  upon  Robertson's  medium  at  all,  there  is  usually  clotting  and  other 
evidence  of  activity  upon  the  more  nearly  neutral  fluid. 

In  preparing  this  medium,  instead  of  adding  6  c.c.  of  the  alkali  directly 
to  the  substance  as  advised  by  Robertson,  the  eggs  are  added  directly  to 
the  water,  and  the  mixture  is  so  titrated  so  as  to  bring  its  reaction  to 
Ph.  7.2.  Some  of  the  albumin  will,  upon  autoclaving,  be  found  to  have 
settled  to  the  bottom  of  the  tube,  but  there  is  sufficient  left  in  solution 
to  bring  about  a  well  defined  action. 

The  reactions  as  regards  B.  sporogenes,  B.  botulinus,  B.  oedemaitis 
maligni,  B.  histolyticus,  B.  tetanus,  and  B.  putrificus  are  essentially  the 
same  as  has  already  been  described  under  the  heading  of  the  more  alkahne 
medium.  The  action  of  the  other  organisms  differ  somewhat  and  will 
therefore  bear  description. 

B.  bijermentans.  There  is  no  action  upon  this  media  until  after  forty- 
eight  hours  incubation.  At  the  end  of  that  time  a  soft  clot  is  produced 
together  with  a  rise  of  the  vasehne  cap,  amounting  to  i  cm.  There  is 
separation  of  the  clot  at  the  top  of  the  tube,  the  clot  being  surmounted 
by  a  thick  turbid  fluid.     Seventy-two  hours  of  incubation  gives  rise  to 
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digestion  amounling  to  about  one-quarter  of  the  total  volume  of  the  clot, 
the  digested  portion  being  displaced  by  thick  turbid  fluid.  The  clot  does 
not  maintain  its  entirety,  being  flaky  at  the  top,  and  but  loosely  organized 
throughout.    Digestion  and  gas  production  proceed  no  further. 

B.  bcllonensis.  The  fluid  is  solidly  clotted  after  twenty-four  hours.  A 
slight  trace  of  gas  is  produced  but  no  evidence  of  digestion  is  to  be  noted 
at  any  time.    There  is  no  further  reaction  after  twenty-four  hours. 

B.  aerojoetidis.  After  twenty-four  hours  there  is  produced  a  trace  of 
gas  and  a  soft  mushy,  loosely  organized  clot.  There  is  feeble  evidence  of 
digestion  at  the  top  of  the  clot. 

B.  oedcmatiens.  A  soft  mushy  clot  is  produced  at  the  end  of  twenty- 
four  hours.  There  is  slight  separation  at  the  top  and  sides,  the  substance 
being  replaced  by  clear  fluid.  The  clot  is  at  this  time  slightly  split.  After 
seventy-two  hours  the  clot  becomes  more  firm  and  is  markedly  shrunken. 
At  this  point  gas  is  produced  to  the  extent  of  a  i  cm.  rise  of  the  vaseline 
cap.    There  are  no  further  reactions.         ' 

Vibrion  scptique.  A  soft  mushy  clot,  after  twenty-four  hours  incuba- 
tion, with  gas  production  to  the  extent  of  i  cm.  rise  of  the  vaseline  cap. 
After  forty-eight  hours,  the  clot  becomes  firm  and  tough  and  at  the  end  of 
seventy-two  hours  incubation  it  is  markedly  torn  and  rent  by  gas.  After 
seventy-two  hours  the  clot  has  also  markedly  shrunken  from  the  sides  and 
top,  being  displaced  by  clear  watery  fluid.    There  is  no  digestion  apparent. 

B.  of  Ghon  and  Sachs.    Essentially  the  same  as  Vibrion  septique. 

B.fallax.  Aside  from  the  production  of  sufficient  gas  to  account  for  the 
vaseline  cap's  rising  ^  cm.,  there  is  no  reaction  upon  this  media. 

B.  welckii.  There  is  marked  clotting  of  the  media  after  twenty-four 
hours,  together  with  production  of  gas  causing  the  vaseline  cap  to  rise 
I J  cm.  The  clot  is  separated  from  the  tube  at  the  top  and  to  a  slight 
extent  at  the  sides,  being  displaced  by  clear  watery  fluid.  After  forty- 
eight  hours  the  clot  becomes  much  shrunken,  hard  and  caseous  in  con- 
sistency, the  gas  production  is  about  doubled  and  watery  fluid  is  copiously 
produced. 

B.  tciiius.    This  organism  does  not  alter  the  medium  in  any  way. 


Inspissated  Serum 

B.  sporogenes.  After  forty-eight  hours  incubation  the  coagulated 
serum  wfll  be  found  to  have  become  markedly  split  and  darkened  to  a 
dirty  slate  gray  color.  The  vaseline  cap  is  raised  2  cm.  On  the  third  day 
the  substance  is  practically  two-thirds  digested  and  the  fluid  is  decidedly 
clouded.  Four  days  after  incubation  only  a  few  small  fragments  of  much 
blackened  substance  remain  and  on  the  sixth  day  the  coagulated  serum 
is  entirely  digested.  The  fluid  upon  this  medium  clears  very  rapidly, 
there  being  no  trace  of  clouding  after  ten  days.    Gas  production  does  not 
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increase  after  the  second  day.  The  usual  characteristic  foul  odor  accom- 
panies this  reaction.  Hydrogen  ion  concentration  after  eight  months, 
Ph.  8.00. 

B.  hotuUnus.  The  reaction  of  this  organism  upon  the  clotted  serum  is 
somewhat  slower  than  that  of  B.  spnrogeoes. 

After  twenty-four  hours,  enough  gas  is  produced  to  lift  the  vaseline 
cap  I  cm.  and  at  this  time  also,  the  clot  is  somewhat  shrunken  away  from 
the  sides  of  the  tube.  There  is  no  change  until  the  third  day  when  the 
vaseline  cap  is  lifted  3  cm.  The  clot  is  much  blackened  and  split  and 
evidence  of  proteolysis  is  to  be  noted,  especially  at  the  top. 

On  the  sixth  day  the  substance  is  about  one-half  reduced  in  volume 
and  is  overlaid  with  cloudy  fluid.  After  ten  days  the  serum  is  at  least 
three-quarters  digested.  Four  days  later  the  medium  is  entirely  digested, 
with  the  exception  of  a  few  small  granules  which  are  jet  black  in  color. 
The  fluid  is  at  this  time  perfectly  clear.  Hydrogen  ion  concentration 
after  eight  months.  Ph.  7.2. 

B.  putrificus.  The  action  of  this  organism  on  the  clotted  serum  some- 
what resembles  that  of  B.  tetani  but  as  will  be  seen,  it  differs  greatly  from 
the  action  of  members  of  the  strongly  proteolytic  group  already  described. 

There  is  no  change  until  the  eighth  day  when  the  media  becomes  some- 
what darkened  at  the  top,  accompanied  by  sufficient  gas  production  to 
raise  the  vaseline  cap  about  0.75  cm.  After  ten  days  incubation  evidence 
of  feeble  proteolysis  is  to  be  noted  at  the  top  of  the  medium,  and  gas  pro- 
duction about  doubles.  Digestion  embraces  about  one-half  of  the  clot  at 
the  end  of  two  weeks  and  from  this  time  on  there  is  no  further  change. 
The  turbid  fluid  clears  some  five  days  later.  Hydrogen  ion  concentration 
after  eight  months,  Ph.  7.4. 

B.  tdani.  This  organism  does  not  give  evidence  of  any  activity  until 
after  six  days  of  incubation  when  gas  is  produced,  amounting  to  a  few 
bubbles,  and  the  substance  turns  slate  gray  in  color.  The  darkening 
here  produced  is  not  nearly  as  intense  as  in  the  case  of  other  organisms. 
There  is  no  further  change  until  the  eighteenth  day  when  the  medium 
becomes  somewhat  split  due  to  the  additional  amount  of  gas  formed  and 
there  is  evidence  of  feeble  proteolysis  to  be  noted,  as  the  material  is  about 
twenty-five  per  cent  reduced  in  volume.  After  twenty  days  in  the  in- 
cubator digestion  only  shghtly  increases.  The  remaining  portion  has 
become  separated  from  the  walls  and  top  of  the  tube,  being  displaced  by 
clear  fluid.  The  odor  here,  as  in  the  case  of  B.  putrificus,  is  only  very 
slightly  putrefactive.  Hydrogen  ion  concentration  after  eight  months, 
Ph.  7.  4. 

B.  oedcmatis  mdigni.  Probably  the  most  rapid  proteolytic  action  en- 
countered was  the  complete  digestion  of  this  medium  by  the  above- 
named  organism  in  seventy-two  hours. 

There  is  no  evidence  of  activity  until  the  second  day,  when  slight 
darkening  of  the  substance  is  noted,  accompanied  by  sufficient  gas  to 
raise  the  vaseline  cap  i  cm. 
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After  seventy-two  hours  the  amount  of  gas  is  tripled  and  the  coagulated 
serum  is  entirely  digested,  with  the  exception  of  a  few  small  black  granules, 
about  the  size  of  a  pea,  which  are  to  be  seen  in  the  bottom  of  the  tube. 
The  turbid  fluid  clears  on  the  tenth  day. 

Inspissated  serum  is  a  favorable  medium  with  which  to  differentiate 
B.  oedematis  maligni  from  other  members  of  the  strongly  proteolytic 
group.    Hydrogen  ion  concentration  after  eight  months,  Ph.  7.4. 

B.  Jiistolyticus.  After  forty-eight  hours  there  is  marked  blackening  of 
the  medium  together  with  separation  from  the  walls  of  the  tube.  Twenty- 
four  hours  later  the  serum  is  about  one-half  digested,  being  overtopped 
with  turbid  fluid.  After  ten  days  the  medium  is  about  two-thirds  reduced 
in  volume  but  there  is  no  production  of  gas.  The  remaining  fragments  of 
undigested  serum  assume  a  jet  black  color  and  after  twenty-one  days 
feeble  gas  production  is  noticed  —  about  three  or  four  bubbles.  There  is 
no  further  evidence  of  proteolysis,  even  after  eight  months. 

Curiously  enough  the  fluid  of  this  culture  remains  tenaciously  turbid, 
clearing  only  at  the  end  of  the  third  month,  in  marked  contrast  to  other 
members  of  the  strongly  proteolytic  group  which  usually  clear  upon  this 
medium  after  ten  to  twenty  days.  After  four  months  at  room  tempera- 
ture a  few  characteristic  balls  of  tyrosine  are  to  be  seen,  mixed  with  the 
black  residue.    Hydrogen  ion  concentration  after  eight  months.  Ph.  7.9. 

B.  bijcrmcntans.  On  the  second  day  there  is  a  marked  darkening  of  the 
medium,  together  with  the  production  of  sufflcient  gas  to  raise  the  vaseline  ■ 
cap  2  cm.  The  coagulated  serum  is  at  this  time  somewhat  shrunken,  be- 
ing displaced  by  clear  watery  fluid  at  the  top,  sides  and  bottom.  On  the 
third  day  the  clotted  serum  is  much  split  and  markedly  darker  in  color. 
It  now  has  assumed  a  dirty  slate  gray  hue.  Four  days  later  some  evidence 
of  proteolysis  is  to  be  noted.  This  proceeds  slowly  from  day  to  day.  After 
ten  days  incubation,  the  fluid,  which  has  displaced  the  serum  shrunken 
away  from  the  walls  of  the  tube,  clears;  at  this  time  also  the  coagulated 
serum  is  about  twenty-five  per  cent  digested.  Af<:er  forty-five  days  the 
medium  is  probably  about  one-third  digested,  the  remaining  portion 
being  much  blackened  and  fragmented.  After  eight  months  the  substance 
is  reduced  to  about  one-half  of  its  volume,  overtopped  with  a  shghtly 
acid  fluid  having  a  hydrogen  ion  concentration  of  Ph.  6.8. 

B.  bcllonensis.  This  organism  does  not  cause  any  change  upon  the  in- 
spissated serum  until  after  six  days  of  incubation,  when  the  medium  be- 
comes shrunken  away  from  the  walls  of  the  tube,  darkened  to  slate  gray 
color  and  split  by  gas  which  at  this  time  raises  the  vaseline  cap  i  cm. 
Aside  from  the  fact  that  the  dark  color  of  the  medium  becomes  more  in- 
tense, there  is  no  further  action.  After  eight  months  the  hydrogen  ion 
concentration  of  the  culture  is  Ph.  6.6. 

B.  acrojodidis.  After  six  days  incubation  the  coagulated  serum  be- 
comes shrunken  away  from  the  waUs  of  the  tube,  there  is  sufficient  gas 
produced  to  lift  the  vaseline  cap  i  cm.,  and  the  medium  becomes  slightly 
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darkened.  The  color  here  produced,  however,  is  not  nearly  as  intense  as 
that  produced  by  organisms  whose  action  upon  this  medium  has  already 
been  recorded.  After  ten  days  the  serum  becomes  much  softened  and  gas 
production  about  doubles.  Clear  fluid  is  to  be  noted  where  the  medium 
has  separated  from  the  walls  of  the  tube. 

After  three  months  the  evidence  of  very  feeble  digestion  is  to  be  noted 
at  the  top  of  the  medium,  and  the  darkening  of  the  substance  becomes 
somewhat  intensified.  Aside  from  this  there  is  no  further  alteration  even 
after  eight  rnonths,  when  the  hydrogen  ion  concentration  is  Ph.  7.00. 

B.  oedcmaticns.  After  forty-eight  hours  in  the  incubator  the  clotted 
serum  becomes  somewhat  separated  from  the  walls  of  the  tube.  There 
is  gas  produced  in  sufficient  volume  to  hft  the  vasehne  cap  2  cm.,  but 
there  is  not  even  the  faintest  suggestion  of  digestion.  This  marks  the  end 
reaction.  No  further  change  was  noted  even  though  the  cultures  were 
incubated  for  forty-five  days  and  kept  under  observation  at  room  temper- 
ature for  eight  months.  Hydrogen  ion  concentration  after  eight  months, 
Ph.  6.8. 

The  cultures  of  B.  tertius,  B.  fallax,  Vibrion  septique  and  B.  of  Ghon 
and  Sachs  act  upon  this  medium  in  the  same  way  as  does  B.  oedematiens, 
and  no  further  description  of  them  is  given.  B.  welchii,  however,  forms 
a  large  amount  of  gas,  splits  the  medium  into  several  fragments  and  forms 
more  dark  pigment  than  does  any  member  of  the  non-proteolytic  group. 
There  is  not,  however,  any  evidence  of  digestion. 


Cooked  Codfish  JMedium 

The  reactions  upon  this  medium  are  essentially  the  same  as  those  upon 
cooked  meat  medium,  therefore,  a  brief  summary  only  is  given. 

B.  sporogenes.  Gas  is  produced  amounting  to  a  4  cm.  rise  of  the  vase- 
eline  cap.  After  a  lapse  of  a  week  the  fish  muscle  is  about  three-quarters 
digested,  and  there  is  profuse  production  of  tyrosine  crystals.  The  tissue 
becomes  much  blackened  during  the  process  of  digestion.  There  is  the 
usual  foul  odor  and  tenacious  turbidity  of  the  broth.  After  eight  months, 
a  few  black  granules  about  the  size  of  a  pea  remain.  The  broth  at  this 
time  is  clear.    Hydrogen  ion  concentration,  Ph.  7.0. 

B.  hotulinus.  Gas  is  produced  sufficient  to  raise  the  vaseline  cap  2  cm. 
Digestion  of  practically  all  of  the  fish  tissue  occurs  during  the  first  week, 
accompanied  by  blackening  of  the  tissue  and  the  production  of  a  foul 
odor.  The  broth  clears  after  fourteen  days.  At  the  end  of  eight  months, 
a  very  small  amount  of  black  residue  is  to  be  seen  at  the  bottom  of  the 
tube.    Hydrogen  ion  concentration.  Ph.  7.0. 

B.  putrificus.  The  vaseline  cap  is  raised  four  cm.  after  the  first  twenty- 
four  hours  of  incubation  and  after  seventy-two  hours  the  fish  tissue  be- 
comes much  darkened.    When  two  weeks  have  elapsed,  the  tissue  may  be 
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said  to  have  become  reduced  in  volume  about  one-third.  The  odor  pro- 
duced in  this  reaction  is  not  as  penetratingly  foul  as  that  of  B.  sporogenes. 
After  eight  months  the  fish  muscle  is  reduced  about  two-thirds  leaving  a 
dirty  dark  gray  granular  residue.  No  tyrosine  cr>'stals  are  produced  upon 
this  medium.    Hydrogen  ion  concentration,  Ph.  7.1. 

B.  tetani.  After  forty-eight  hours  incubation,  gas  is  produced  sufificient 
to  raise  the  vaseline  sale  about  4  cm.  The  fish  tissue  becomes  blackened 
in  spots  and  there  is  a  faint  odor  of  putrefaction.  Digestion  upon  this 
medium  is  not  marked.  After  eight  months  only  slight  reduction  is  to 
be  noted. 

B.  oedematis.  The  reaction  of  this  organism  upon  the  cooked  codfish 
medium  is  identical  with  that  of  B.  sporogenes,  with  the  exception  that 
no  tyrosine  crystals  are  produced. 

B.  histolyticus.  The  codfish  becomes  much  darkened  after  twenty- 
four  hours  incubation.  There  is  no  gas  produced,  however,  throughout 
the  entire  reaction.  After  a  week  the  tissue  is  digested  about  one-third, 
and  the  fish  muscle  becomes  black  in  color.  Proteolysis  increases  gradu- 
ally, until  after  eight  months  the  tissue  is  reduced  about  two-thirds  in 
volume.  The  characteristic  balls  of  tyrosine  are  produced  upon  this  sub- 
stance in  such  profusion  as  to  nearly  obscure  the  fish  tissue.  Digestion  is 
here  carried  to  the  ammonia  stage.    Hydrogen  ion  concentration,  Ph.  84. 

B.  bifcrmcntans.  After  forty-eight  hours  incubation,  the  codfish 
assumes  a  dark,  slate  gray  color,  and  gas  is  produced  sufficient  to  raise 
the  vaseline  seal  about  2  cm.  The  fluid  becomes  very  turbid.  Pro- 
teolysis upon  this  medium  is  very  feeble.  After  eight  months  there  is 
probably  twenty-five  per  cent  reduction  of  the  tissue.  Hydrogen  ion 
concentration,  Ph.  7.1. 

B.  bclloHcnsis.  Aside  from  the  production  of  gas  sufficient  to  raise  the 
vaseline  cap  about  2  cm.,  and  a  slight  darkening  of  the  fish  muscle,  there 
is  no  marked  reaction  upon  this  medium.  Hydrogen  ion  concentration 
after  eight  months.  Ph.  7.2. 

B.  aerojodidis.  The  fish  tissue  becomes  slightly  darkened  after  forty- 
eight  hours  of  incubation,  and  at  this  time  also  a  few  bubbles  of  gas  are 
produced.  There  is  no  further  reaction.  Hydrogen  ion  concentration 
after  eight  months,  Ph.  6.9. 

B.  oedemaiiens.  Aside  from  the  production  of  gas  sufficient  to  raise  the 
vaseline  seal  i  cm.,  there  is  no  further  action  upon  this  medium. 

Vibrion  septique,  B.  of  Ghon  and  Sachs,  B.  fallax,  B.  welchii,  and 
B.  tertius  act  identically  upon  the  cooked  codfish  medium  in  that 
they  all  produce  a  small  amount  of  gas,  but  do  not  alter  the  tissue 
in  any  way. 
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Production  of  Hemolysins 

The  method  of  Lyall  ^^  was  used  to  determine  which  of  these 
anaerobic  spore-bearers  produced  hemolysins.  This  technic 
has  the  advantage  of  being  accurate  as  well  as  readily  applica- 
ablc  to  this  type  of  organism,  and  gives  one  a  good  quantitative 
estimate  of  the  hemolytic  agents  produced. 

The  bacteria  were  grown  in  broth  made  according  to  Lyall's 
formula;  in  addition,  however,  was  added  two  per  cent  of  the 


Table  II.  Production  of  Hemolysins 


0.1  cc- 

0.2  cc. 

0.3  cc. 

0.4  cc. 

B.  sporogenes 

0 

0 

Methemoglobin 

Methemoglobin 

B.  botulinus    

0 

0 

Methemoglobin 

Methemoglobin 

B.  oedematis 

0 

0 

Methemoglobin 

Methemoglobin 

B.  histolyticus    

0 

+  + 

+  +  + 

+  +  +  + 

B.  putrificus   

0 

0 

Methemoglobin 

Methemoglobin 

B.  tetani    

+  +  +  + 

+  +++ 

+  +  +  + 

+  +  +  + 

B.  bifermentans 

0 

0 

0 

0 

B.  bellonensis 

0 

0 

+  + 

+  +  + 

B.  aerofoetidis    

0 

0 

0 

0 

B.  oedematiens 

0 

0 

0 

0 

Vibrion  sept 

+ 

++ 

+  +  + 

+  +  +  + 

B.  Ghon-Sachs 

0 

+ 

+  + 

+  +  + 

B.  fallax 

0 

0 

Methemoglobin 

Methemoglobin 

B.  welchii    

+  + 

+++ 

+  +  +  + 

+  +  +  + 

B.  tertius 

4- 

+  + 

+  +  + 

+  +  +  + 

Control-Ph.  7.2 

0 

0 

0 

0 

Control-Ph.  8.0 

0 

0 

0 

0 

Control-Ph.  5.0 

0 

0 

0 

0 

casein  digest  fluid,  as  some  of  the  types  refused  to  multiply 
upon  the  plain  broth.  The  tubes  were  rendered  anaerobic  by 
the  usual  vaseline-seal  boiling  method.  Luxuriant  growth 
appeared  at  the  end  of  twenty  hours.  At  this  time,  to  each  of 
four  serological  tubes,  was  added,  o.i,  0.2,  0.3,  and  0.4  cc.  of 
the  broth  culture  of  each  organism,  and  i  cc.  of  a  five  per 
cent  suspension  of  washed,  fresh  sheep  erythrocytes.  Enough 
physiological  salt  solution  was  then  placed  in  each  tube  to 
bring  the  total  volume  up  to  2  cc    Thus  in  the  case  of  each 
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organism,  four  separate  tests  were  made.  The  tubes  were  incu- 
bated in  a  water  bath  for  one  hour  at  37°  C.  and  at  the  end  of 
that  time  readings  were  made. 

The  results  of  the  hemolytic  action  of  these  bacteria  are 
reported  in  Table  II. 

Morphology 

The  morphology  of  the  anaerobic  spore-bearing  bacteria  has 
been  described  by  many  observers  in  reference  to  a  number  of 
different  media  and  under  varying  degrees  of  anaerobiosis. 
The  bacteria  comprising  this  group  seem  especially  sensitive 
to  their  environment,  and  changes  of  type  of  culture  media 
employed,  relative  anaerobiosis  obtained  and  age  of  culture  are 
all  factors  sufficient  to  influence  the  size  and  shape  of  these 
organisms.  Therefore  as  regards  morphology,  much  confusion 
has  resulted. 

Adamson  '^^  advocated  grouping  the  anaerobic  spore-bearers 
according  to  the  shape  and  position  of  the  spore.  In  my  opin- 
ion this  method  is  unreliable  as  the  shape,  and  especially  the 
position  of  the  spore,  varies  to  a  considerable  degree  with  the 
factors  mentioned  above. 

To  prevent  differences  in  morphology  being  due  to  environ- 
mental conditions,  all  of  the  species  described  in  this  compara- 
tive morphological  study  were  grown  upon  the  same  type  of 
medium,  and  allowed  to  develop  under  a  constant  degree  of 
anaerobiosis.  Anaerobiosis  was  induced  by  the  usual  vaseline 
cap  boiling  method. 

Some  of  the  organisms  of  the  non-proteolytic  group  refused 
to  sporulate,  and  experiments  were  devised  to  obtain  a  medium 
which  would  induce  sporulation  in  the  minimum  length  of  time. 
The  formula  for  the  stiff  sugar-free  agar  found  effective  for  this 
purpose  is  as  follows: 

To  a  liter  of  beef-infusion  broth  add  50  c.c.  of  casein  digest  fluid.  This 
is  inoculated  with  a  strain  of  B.  coli  and  incubated  for  twenty-four  hours. 
Heat  in  the  Arnold  for  thirty  minutes  at  100°  C.  after  having  added 
25  grams  of  agar.  Adjust  to  Ph.  7.4,  filter,  tube  and  sterilize.  The  cul- 
tures were  incubated  for  forty-eight  hours  at  37°  C.  and  allowed  to  stand 
in  the  ice  box  for  an  additional  twenty-four  hours.     They  were  then 
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Stained  by  Gram's  method  and  examined.  Every  one  of  the  anaerobes, 
including  B.  welchii  and  B.  tetani,  had  formed  spores  at  the  end  of  the 
seventy-two  hour  period. 

Morphological  Descrlptions  are  as  Follows 

B.  sporogenes.  A  medium  sized  gram-positive  bacillus  varying  in 
length  from  1.8  to  4.5  micra,  the  average  being  about  2.8.  The  width  is 
constant,  from  0.8  to  0.6  micra.  The  organisms  for  the  most  part  occur 
singly  and  in  pairs,  a  few  short  chains  of  from  7  to  10  are  sometimes 
found.  Ends  are  rounded,  spore-bearing  forms  are  very  numerous. 
Organisms  are  always  greatly  swollen  at  the  site  of  the  spore.  Spores 
vary  in  position  from  terminal,  through  subterminal  to  central.  Even 
the  organisms  containing  central  spores  are  swollen  at  the  position  of  the 
spore.    Sub-terminal  sporulating  forms  are  by  far  the  most  numerous. 

The  spore  is  usually  oval,  but  a  few  rounded  forms  were  noted.  Size 
rather  constant,  measuring  about  1.8  X  i.o  micra.  The  spore  is  very 
large  with  exceptionally  thick  walls. 

B.  botulinns.  A  large,  thick,  gram-positive  bacillus  with  rounded  end. 
The  spores  are  for  the  most  part  situated  subterminally  while  a  few  are 
central.  Upon  this  medium  the  organisms  bearing  spores  retain  the  gen- 
tian violet  with  great  tenacity  while  the  vegetative  forms  seem  to  have 
lost  this  power  to  a  considerable  degree.  Spore  production  is  accom- 
panied by  a  swelling  of  the  organism,  not  only  at  the  point  of  sporulation 
but  of  the  entire  bacillus.  The  vegetative  forms  are  much  more  slender 
than  those  organisms  showing  spores.  Vegetative  forms  from  2.0  to 
5.0  micra  long  average  about  2.5,  width,  from  0.3  to  0.5  micron.  Spore- 
bearing  forms  measure  in  length  from  2  to  0  micra,  the  average  being 
.about  4  micra.  The  width  is  rather  constant,  measuring  from  0.5  to  0.7 
micron.  While  spore-bearing  t>^es  are  numerous,  no  free  spores  were 
to  be  noted. 

B.  putrificus.  This  bacillus  stains  irregularly,  taking  to  some  degree 
the  counter  stain,  thus  giving  it  a  peculiar  mulberr>^-like  color.  The  or- 
ganism is  small,  of  medium  thickness,  with  rounded  ends.  Some  forms 
show  a  pointed  terminal  structure.  They  occur  singly,  in  pairs  and  in 
small  groups.  No  chain  forms  were  noted.  Some  of  the  forms  have  a 
peculiar  banded  appearance  due,  no  doubt,  to  the  irregularity  with  which 
the  organism  takes  the  stain.  The  spores  are  oval  in  shape  and  situated 
terminally  in  most  cases;  however  some  of  the  forms  show  the  spores  to 
be  slightly  subterminal  in  position.  Those  organisms  showing  a  well 
defined  spore  nvariably  had  a  small  bit  of  bacterial  protoplasm  situated 
at  the  sporulating  end,  giving  a  peculiar  capped,  or  spiked  appearance. 
The  size  of  the  organism  varies  from  i.oo  to  4.00  micra,  the  average  being 
about  2.5.    In  width  it  measures  from  0.3  to  0.4  micron. 

B.  tetani.  This  organism  does  not  sporulate  as  profusely  as  do  the 
other  bacteria,  even  upon  this  sugar-free  medium.  Quite  a  few  spore- 
bearing  forms  are  to  be  noted,  however,  after  seventy-two  hours.     B. 
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tetani  is  large  and  gram-positive,  measuring  in  length  from  2.0  to  6.0 
micra  the  average  length  being  about  3.0  micra.  The  width  is  about 
i.o  micron.  The  spore  which  is  usually  situated  terminally  is  large,  and 
for  the  most  part  rounded.  Some  forms  were  noted  which  possessed 
slightly  subterminally  spores,  rather  oval  in  shape.  Many  of  the  forms 
stained  with  that  irregularity  which  gives  a  banded  or  beaded  appearance. 
The  spores  measure  i.o  X  0.8  micron.  The  ends  are  for  the  most  part 
rounded  or  pointed.  An  occasional  clubbed  form  is  met  with  due  to  the 
usual  swelling  at  the  point  of  sporulation. 

B.  ocdcmatis  malignl.  A  large  gram-positive  bacillus  with  rounded 
ends,  occurring  singly,  in  pairs  and  in  groups.  No  chain  forms  were 
noted.  Spore  is  oval,  large  and  terminal  in  situation.  Occasional  forms, 
however,  with  subterminal  spores  were  noted.  Some  forms  were  en- 
countered which  stained  irregularly,  giving  that  peculiar  banded  or 
beaded  appearance.  Length  of  bacillus,  from  1.5  to  3.5  micra,  the 
average  being  about  2.5.  Width,  from  0.3  to  0.4  micron.  Size  of  spore, 
1.5  X  0.5  micra.  Morphological!}-,  B.  oedematis  strongly  resembles 
B.  putriticus. 

B.  histolyticns.  A  small  thin  bacillus  with  rounded  ends.  This  organ- 
ism does  not  retain  the  gentian  violet  ver>'  tenaciously,  seeming  to  have 
somewhat  of  a  gram-negative  tendency.  The  forms  occur  singly,  in 
pairs  and  in  groups;  no  chain  forms  were  noted.  The  spores  are  large, 
oval  and  terminal  in  situation,  being  often  much  longer,  and  invariably 
wider  than  the  bacillus.  Length  of  bacillus,  from  about  0.8  to  2.0  micra, 
average  about  1.7.  Width,  about  0.3  micron.  The  spore  measures  about 
1.2  X  0.5  micra.  It  is  interesting  to  note  the  wide  variation  of  B.  his- 
tolyticus  from  the  above  description  when  planted  in  a  liquid  medium. 
The  organism  is  much  longer  and  thicker,  averaging  in  length  about 
2.5  micra  and  in  width  about  0.7  micron.  The  spores  are  for  the  most 
part  situated  subterminally,  in  some  cases  being  central  in  position.  The 
spores  are  also  much  smaller,  measuring  about  0.3  X  0.6  micron.  On  the 
Uquid  medium  B.  histolyticus  varies  from  a  thin  bacillus  with  a  large 
subterminal  spore  to  a  stout  oval  organism  with  the  spore  central  in 
position,  and  exhibiting  a  marked  swelling  at  the  point  of  sporulation. 

The  other  representatives  of  this  group  of  sporulating  anaerobes  show 
similar  morphological  variations  when  grown  upon  various  media,  indi- 
cating how  futile  it  is  to  attempt  classification  according  to  the  position 
of  the  spore,  and  how  necessar>^  it  is  to  use  the  same  kind  of  medium  for 
aU  of  the  species  when  one  desires  to  describe  their  morpholog}^ 

B.  bifermentans.  A  large  thick  gram-positive  bacUlus  strongly  re- 
sembling B.  beUonensis  but  shorter  and  thicker.  The  organisms  occur 
singly,  in  pairs  and  in  short  chains  of  from  three  to  seven.  The  baciUi  are 
for  the  most  part  straight  with  square  or  very  slightly  rounded  ends.  An 
occasional  curved  form  is,  however,  to  be  seen.  The  spores  are  large  and 
usually  situated  centrally,  some  few  being  subterminal.  B.  bifermentans 
varies  in  length  from  2.0  to  4.5  micra,  with  the  large  majority  of  organ- 
isms measuring  about  2.5  micra.    The  width  averages  about  1.0  micron. 
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The  spores  are  large,  having  rather  sharply  rounded  ends,  giving  one  the 
impression  of  being  oblong  rather  than  oval.  They  measure  1.5  X  0.5 
micra.  No  swelling  or  enlargement  at  the  point  of  sporulation  is  to  be 
noted. 

B.  bellonensis.  This  bacillus  is  large  and  thick  with  rounded  ends,  and 
frankly  gram-positive.  They  occur  singly,  in  pairs,  and  in  chains  of  from 
three  to  ten.  The  length  varies  from  2.5  to  7.0  micra,  the  average  being 
about  4.0  micra  .  The  width  is  about  0.7  micron.  Most  of  the  organisms 
are  straight  rods  but  a  few  curved  forms  taking  the  shape  of  the  letter  C 
or  S  were  to  be  seen.  The  spores  are  usually  situated  centrally,  w'ith  a 
few  subterminal.  The  spores  measure  about  1.2  X  0.5  micra.  Quite  a 
few  of  the  organisms  were  occupied  almost  completely  by  the  large  central 
spore,  leaving  only  a  small  discernible  outline  of  the  bacillus. 

B.  acrofoctidis.  A  short  plump  gram-positive  bacillus  with  rounded 
ends,  occurring  singly  and  in  pairs.  No  chain  forms  were  noted.  The 
organism  measures  in  length  from  0.8  to  2.5  micra,  the  average  being 
about  1.8,  the  width  varying  from  about  0.5  to  0.7  micron.  The  spores 
are  usually  situated  subterniinally,  and  are  small,  measuring  about 
0.8  X  0.4  micron.  Spore-bearing  forms  of  B.  aerofoetidis  were  not 
numerous. 

B.  oedematiens.  A  medium  sized  gram-positive  bacillus  with  rounded 
ends.  The  organism,  although  retaining  the  gentian  violet,  does  so  in  an 
irregular  manner,  giving  rise  to  somewhat  of  a  mottled  appearance. 
These  forms  occur  singly  and  in  pairs  and  groups.  No  chain  forms  were 
seen.  The  size  is  constant,  not  varying  a  great  deal  from  3.0  X  i.o  micra. 
The  spore  is  oval,  measuring  about  i.o  X  0.5  micron  and  is  invariably 
situated  subterminally. 

Vihrion  scptique.  A  slender  gram-positive  bacillus  with  rounded  or 
pointed  ends.  It  occurs  singly,  in  pairs,  and  in  short  chains  of  from  three 
to  twelve.  A  few  curved,  swollen  forms  resembling  the  letter  C  were 
noted.  Some  of  the  individuals  stain  irregularly  giving  the  pecuUar 
beaded  appearance.  Vibrion  septique  varies  in  size  from  1.5  to  7  micra, 
the  average  size  being  about  2.5  micra.  The  width  is  from  about  0.3  to 
0.4  micron.  The  spores  are  usually  terminal.  There  are,  however,  occa- 
sional individuals  having  subtenninal  spores.  The  spores  are  relatively 
large,  and  oval,  meatsuring  about  1.5  X  i  micra.  The  spore-bearing 
forms  of  Vibrion  septique  remind  one  strongly  of  a  short  handled  tennis 
racket. 

Bacillus  of  Ghon  and  Sachs.    Essentially  the  same  as  Vibrion  septique. 

B.fallax.  A  small,  slender  bacillus  with  positive  gram  staining  proper- 
ties. Some  of  the  individuals  retain  the  gentian  violet  but  Ughtly  how- 
ever. The  spores  are  usually  situated  terminally,  with  an  occasional 
subterminal  form.    B.  fallax  usually  occurs  singly,  in  pairs,  and  in  groups. 
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No  chain  forms  were  observed.  In  the  non-sporulating  forms,  the  organ- 
ism is  very  thin,  the  ends  are  pointed,  giving  rather  a  characteristic  ap- 
pearance of  tapering  toward  each  end.  The  length  varies  from  1.5  to 
3.0  micra,  a  large  number  of  individuals  measuring  2.0  micra.  Width, 
from  0.2  to  0.3  micron.  The  spores  are  usually  round  and  measure  i 
micron  in  diameter. 

B.  -iC'elc/iii.  As  is  well  known,  this  organism  measures  from  4  to  6 
micra  in  length  and  about  0.7  micron  in  width.  It  is  gram-positive,  and 
occurs  singly,  in  pairs  and  in  short  chains  of  from  three  to  twelve.  The 
ends  are  for  the  most  part  square,  with  some  individuals  having  rounded 
terminal  structure.  The  morphology-  on  the  whole  is  very  regular.  The 
spore  is  usually  situated  centrally,  with  some  few  having  subterminal 
spores.  At  times  the  spore  is  very  large,  taking  up  most  of  the  bacillary 
body.    It  measures  about  1.5  X  0.5  micra. 

B.  tertiiis.  On  this  medium  B.  tertius  is  long  and  slender,  with  rather 
square  ends.  The  organism  is  gram-positive  but  does  not  stain  very 
deeply  with  the  gentian  violet.  It  occurs  singly,  for  the  most  part;  no 
chains  and  but  few  pairs  were  noted.  The  spore-bearing  forms  are  usually 
long  and  slender,  while  the  vegetative  forms  are  relatively  short  and  thick. 
The  length  of  the  spore-bearing  tj-pes  is  from  3  to  6.0  micra,  the  majority 
measuring  about  4  micra.  The  width  is  about  0.4  micron.  The  non-spore 
bearing  forms  vary  in  length  from  2.0,  to  3.5  micra,  and  are  about  0.5 
micron  wide.  The  spore  is  usually  terminal  in  position,  and  round, 
measuring  about  i  micron  in  diameter. 


Conclusions 

From  the  study  reported  we  feel  that  the  following  conclu- 
sions are  justified : 

1 .  The  Barber  single  cell  technic  is  the  most  feasible  method 
of  obtaining  anaerobic  spore-bearing  bacteria  in  pure  culture. 

2 .  The  vaseline-seal  boiling  method  is  the  most  reliable  way 
of  obtaining  anaerobiosis,  especially  in  liquid  media.  The 
technics  now  commonly  used,  involving  the  use  of  pyrogallic 
acid  and  sodium  hydroxide,  vacuum  exhaustion,  hydrogen  dis- 
placement, and  platinized  carbon,  were  found  to  be  unreliable. 

3.  If  the  proper  degree  of  anaerobiosis  is  maintained  the 
bacteria  comprising  this  group  will  grow  well  on  relatively 
simple  media,  provided  the  hydrogen  ions  are  adjusted  to 
the  optimal  degree  of  concentration,  which  was  found  to  be 
Ph.  7.2. 
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4.  A  certain  number  of  the  organisms  studied  produced  no 
proteolysis  on  any  of  the  media  and  are  therefore  classified  as 
non- proteolytic  spore-bearing  anaerobes.  They  are  the  follow- 
ing: 

B.  welchii 
B.  tertius 
B.fallax 
Vibrion  septique 
B.  oedematiens 

5.  Of  those  organisms  studied  which  produced  proteolysis, 
two  groups  may  be  made,  the  strongly  proteolytic  and  the 
feebly  proteolytic.    They  are  as  follows: 

Strongly  proteolytic  Feebly  proteolytic 

B.  sporogenes  B.  putrificus 

B.  botulinus  B.  tetani 

B.  oedematis  mahgni  B.  bifermentans 

B.  histolyticus  B.  bellonensis 

B.  aerofoetidis 

6.  B.  putrificus  and  B.  tetanus,  although  usually  classified 
as  strongly  proteolytic,  must  on  the  basis  of  this  study  be 
placed  in  the  feebly  proteolytic  group. 

7.  The  reaction  of  these  bacteria  on  the  so-called  proteolytic 
types  of  media  may  in  some  instances  be  of  specific  differential 
value.  For  the  most  part,  however,  these  media  serve  to  classify 
them  into  the  three  groups  mentioned  above.  The  absolute 
recognition  of  a  species  within  a  group  can  only  be  made  by 
studying  the  carbohydrate  fermenting  properties  of  the  bac- 
teria. 

8.  Proteolytic  activities  of  these  bacteria  are  not  lessened 
by  the  presence  of  fermentable  carbohydrates. 

9.  The  morphology  of  the  anaerobic  spore  bearers  studied, 
varies  greatly  with  changes  in  environment  and  conditions  of 
cultivation.  When  a  constant  medium  and  technic  are  em- 
ployed, the  morphology  of  any  given  organism  remains  only 
fairly  constant.  In  the  case  of  two  or  three  species  examined, 
however,  the  morphology  was  found  to  be  very  variable  even 
when  all  conditions  were  kept  the  same.  Morphology,  there- 
fore, offers  but  little  aid  in  differentiation. 
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10.  The  shape  and  appearance  of  the  colony  does  not  form 
a  reliable  basis  upon  which  to  classify  these  bacteria. 

11.  The  hemolytic  properties  of  these  organisms  may  in 
some  cases  be  of  differential  value. 

(The  author  desires  to  express  his  sincere  appreciation  to  Dr.  John  C. 
Torrey  for  his  many  helpful  suggestions,  and  to  Dr.  Marshall  A.  Barber 
for  his  kindness  in  imparting  a  knowledge  of  the  single  cell  method  of 
isolation.) 
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CHAMBERS'     MICROMANIPULATOR     FOR    THE     ISOLA- 
TION    OF     A     SINGLE     BACTERIUM 

M  O  K  T  0  X       C.       K  A  H  X 
From    the   Depaiimcnt    of   Hygiene,    Cornell    University    Medical   College,    New    York   City 

As  I  have  been  working  for  several  years  on  the  isolation  of  bacteria 
with  Barber's  apparatus  and  have  recently  been  using  Chambers'  instru- 
ment for  the  same  purpose.  Dr.  Chambers  suggested  that  I  make  some 
comments  on  the  relative  merits  of  the  two  instruments  together  with 
a  short  review  of  Barber's  isolation  method. 

The  mechanical  principles  involved  in  the  construction  of  this 
instrument  are  entirely  dififerent  from  those  of  Barber's  pipet  holder, 
while  the  basic  methods  of  manipulation  are  essentially  the  same.  There 
are  several  noteworthy  features  in  the  Chambers'  instrument  which 
modify  and  improve  the  original  Barber  technic.  These  features  may 
be  best  described  under  two  headings:  (1)  advantages  in  construction, 
and  (2)  advantages  from  the  use  of  various  accessories  to  aid  in 
manipulation. 

ADVANTAGES     IN      CONSTRUCTION 

The  mechanical  principles  on  which  the  instrument  is  based  are 
fully  described  in  the  preceding  article  by  Chambers.^  The  absence 
of  parts  which  may  loosen  by  wear  and  tear  renders  possible  great  pre- 
cision in  the  manipulations.  While  excellent  work  may  be  done  with  the 
Barber  pipet  holder,  the  parts  wear  somewhat  after  several  months'  use, 
giving  rise  to  a  certain  amount  of  false  motion.  For  instance,  when  one 
desires  to  move  the  pipet  laterally  one  may  encounter  an  unexpected 
vertical  motion.  The  Chambers  apparatus  used  by  me  had  been  in  use 
for  two  years,  and  in  spite  of  this  I  was  unable  to  detect  any  false 
motion. 

A  second  advantage  is  that  the  instrument  clamps  directly  on  the 
stage  of  the  microscope  giving  much  greater  rigidity  than  is  possible 
with  the  metal  flange  which  has  to  be  attached  to  the  stage  of  the 
microscope  when  Barber's  instrument  is  used.  Third,  the  smaller  size 
of  the  instrument  brings  all  manipulations  closer  to  the  microscope  and 
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eliminates  accidental  jostling  of  the  pipet  holder  which  may  shift  the 
needle  out  of  focus.  This  compactness  also  makes  it  feasible  to  use  a 
short  pipet  which  is  easier  to  focus  and  is  in  less  danger  of  contamina- 
tion as  less  of  the  pipet  is  exposed. 

ADVANTAGES     OF     THE     ACCESSORIES     IN     CHAMBERS'     APPARATUS 

Barber's  instrument  possesses  no  accessories  so  that  all  the  adjust- 
ments, both  preliminary  and  operative,  have  to  be  made  by  means  of  the 
same  finely  threaded  screws  with  a  consequent  waste  of  considerable 
time. 

In   Chambers'   instrument    the   several   accessories   are   as    follows : 

1.  There  is  a  brass  collar  (fig.  2')  through  which  the  shank  of 
the  pipet  is  inserted  before  clamping  it  in  the  pipet  carrier  of  the 
instrument.  Besides  insuring  rigidity  to  the  pipet  and  thus  greater 
accuracy  for  manipulation,  the  collar  facilitates  bringing  the  pipet  into 
the  field  of  the  microscope.  It  also  steadies  the  pipet  as  it  is  being 
withdrawn  from  the  moist  chamber,  thus  minimizing  contamination  or 
injury  to  the  delicate  tip. 

2.  For  the  vertical  manipulation  of  the  pipet  there  are  three  different 
adjusting  devices :  first,  the  telescoping  pillar  for  roughly  adjusting 
the  pipet  to  the  height  of  the  moist  chamber,  after  which  it  may  be 
tightly  clamped ;  second,  another  coarse  adjustment  operated  by  a  spring 
screw  with  which  one  may  bring  the  pipet  into  focus,  and,  third,  the 
fine  adjustment  of  the  knurl  headed  screw  (fig.  1),  which  is  used  in 
the  actual  operation  of  isolation.  The  first  two  devices  are  for  the 
coarse  adjustment  and  enable  one  to  use  moist  chambers  of  practically 
any  height.  They  aid  greatly  in  the  technic  of  the  vertical  adjustment, 
which  is  the  most  important  one  from  the  bacteriologic  point  of  view. 

3.  The  use  of  levers  on  the  screws  controlling  the  lateral  move- 
ments insures  great  delicacy  to  the  touch  and  is  a  decided  aid  in  bring- 
ing the  pipet  directly  under  the  droplet  containing  the  organism, 
especially  when  working  with  the  higher  power  or  oil  immersion  lens 
where  the  slightest  movement  is  greatly  magnified. 

4.  The  flexible  shaft  attached  to  the  vertical  control  screw  brings 
the  movement  of  that  screw  behind  the  microscope  away  from  all  work- 
ing parts  and  close  to  the  fine  adjustment  of  the  microscope. 

For  bacteriologic  work  it  is  more  convenient  to  have  the  moist 
chamber  as  Barber  originally  devised  it,  viz.,  with  its  open  end  so 
placed  that   the  pipet   may  project  into   it   from  the  left   side.     This 
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facilitates  the  frcfiuent  interchann^e  of  pipets  so  necessary  in  isolating 
bacteria.  For  this  purpose  it  is  necessary  to  have  the  pi])et  holder 
attached  to  the  left  side  of  the  microscope.  "Fhis  can  be  done  with  the 
form  wliich  Chambers  designates  as  right-handed  by  fastening  it  on 
the  left  side  of  the  microscope  stage  near  the  outer  corner  (fig.  1). 

In  the  preceding  article  it  has  been  recommended  to  have  the  height 
of  the  moist  chaml)er  ecpial  to  the  working  focal  distance  of  the  sub- 


Micromanipulator   mounted   on   the  left   side   of   the  microscope   for   isolating   bacteria.      Note 
Barber's   moist   chamber  with   the   coverslip   marked    with   cross    lines    to   aid    in    locating   areas. 
The  chamber  shown  here  is  higher  than   necessary. 


Stage'  condensor.  This  limits  the  height  to  one  which  may  make  the 
chamber  too  shallow  to  be  convenient  for  frequent  interchanges  of  the 
pipet.  I,  therefore,  use  a  chamber  %  of  an  inch  high,  1  inch  wide  and 
21/0  inches  long.  It  will  be  noted  that  this  moist  chamber  is  not  only 
deeper  but  also  wider  than  the  one  Chambers  uses  for  cytological 
work. 
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lujr  the  isolation  of  a  single  bacterium  one  must  have  the  under  sur- 
face of  the  coverslip  so  treated  as  to  hold  minute  droplets  without  fear 
of  their  spreading  or  possibly  running  together.  The  droplets  placed  on 
the  coverslip  must  be  slightly  hemispheroidal  in  order  that  their  outlines 
may  be  distinct  and  all  parts  of  it  clearly  visible.  Also,  in  order  to 
maintain  these  droplets  throughout  the  operation,  the  moisture  condi- 
tions within  the  chamber  must  be  sufficient  to  prevent  their  evaporation 
and  at  the  same  time  must  not  be  too  great  for  fear  of  flooding  them. 

It  is  necessary,  therefore,  to  have  the  surface  of  the  coverslip 
specially  prej^ared.  Barber,  after  smearing  the  cleaned  coverslips  with 
petrolatum,  washes  them  with  soaj)  and  water  to  get  rid  of  the  excess 
of  petrolatum.  The  co\erslips  are  then  carefully  cleaned  with  a  dry 
cloth,  heated  enough  to  soften  the  petrolatum  and  rubbed  again  while 
still  warm.  The  aim  is  to  remove  as  much  petrolatum  as  possible 
without  the  use  of  excessive  heat  or  any  fat  dissolving  reagent  other 
than  soap.  If  an  excess  of  petrolatum  is  left  on  the  cover,  small 
particles  will  appear  in  the  droplets  and  may  be  mistaken  for  bacteria. 
If  all  petrolatum  is  removed,  the  droplets  run  together  and  make 
successful  isolation  impossible.  Instead  of  soap  and  water  one  may  use 
95%  alcohol  with  equally  good  results.  One  must  realize  that  success 
or  failure  in  isolation  work  depends  on  a  proper  treatment  of  the 
coverglass. 

The  method  of  procedure  for  the  isolation  of  a  bacterium  may  be 
summarized  as  follows  :  - 

1.  Prepare  a  young  liquid  culture  from  a  sul)culture  not  more  than  18 
hours  old. 

2.  Insert  the  tip  of  a  needle  into  a  tube  of  the  liquid  culture  and  convert 
the  needle  into  a  pipet  by  gently  rubbing  it  against  the  wall  of  the  tube.  Then 
with  a  rubber  tulie  on  its  shank  suck  up  a  small  amount  of  the  culture. 

3.  Insert  the  pipet  in  the  brass  collar,  then  clamp  it  in  the  pipet  holder  of 
the  instrument  and  bring  the  tip  into  focus  in  the  center  of  the  microscopic  field 
(see  figure).  Raise  the  pipet  until  its  tip  touches  the  undersurface  of  the  cover- 
slip  and  expel  an  appreciable  droplet.  This  may  have  to  be  diluted  with  sterile 
fluid  if  the  culture  is  too  dense. 

4.  After  securing  a  moderately  dilute  preparation  fill  the  same  or  a  new 
pipet  to  a  little  below  its  bend.  Lower  the  pipet,  and  with  the  aid  of  the 
mechanical  stage,  bring  another  portion  of  the  coverslip  into  view.  By  alter- 
nately raising  and  lowering  the  pipet  a  series  of  minute  droplets  will  be  pro- 
duced on  the  coverslip  wherever  the  pipet  touches  it.  The  fluid  runs  out  by 
capillary  attraction  and  needs  no  blowing.  Some  of  these  droplets  will  be 
found  to  contain  a   single  micro-organism. 

2  The    method    of   mailing    the    pipets    is    described    in    the   preceding  article   by    Chambers. 
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5.  Replace  this  pipet  with  a  new  sterile  one  containing  a  small  amount  of 
sterile  liquid  medium  which  must  not  run  below  the  elbow.  This  new  pipet  is 
now  brought  directly  under  a  droplet  containing  a  single  micro-organism.  The 
pipet  is  then  slowly  raised  and  as  soon  as  it  touches  the  surface  the  droplet  with 
the  contained  organism  will  flow  into  it.  This  occurs  by  capillary  attractit)n 
and   no   suction   is   required. 

6.  This  pipet,  which  is  known  to  contain  only  one  micro-organism,  is  care- 
fully removed  from  the  apparatus  and  its  tip  inserted  into  a  tube  containing  a 
suitable  sterile  medium.  The  entire  contents  of  the  pipet  are  now  to  be  expelled 
by  blowing.  As  an  added  precaution  it  is  well  to  break  off  the  tip  of  the  pipet 
in  the  culture  medium.  The  blowing  may  be  done  by  mouth  or  by  a  rubber 
bulb  operated  either  by  the  hand  or  the  foot. 
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VI.    A  SEROLOGICAL  STUDY  OF  THE  BACILLUS  OF 
PFEIFFER 
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From  the  New  York  Hospital  and  the  Department  of  Bacteriology  in  Cornell  Uni- 
versity Medical  College,  New  York  City^ 
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I.  THE  ETIOLOGICAL  RELATION  OF  THE  BACILLUS  OF 
PFEIFFER  TO  INFLUENZA 

The  bacteriological  studies  of  the  recent  pandemic  of  influenza, 
also  referred  to  as  the  ''Spanish  disease"  and  "grippe,"  have 
resulted  in  a  divided  opinion  regarding  the  role  of  Pfeiffer's  bacil- 
lus in  the  disease.  The  investigators  have  concluded  either  that 
this  microorganism  is  the  primary  cause  of  the  disease  or  that  it 
is  a  secondary  invader  exerting  more  or  less  influence  on  the 
clinical  course  of  the  primary  infection. 

In  Europe,  opinion  in  this  regard  has  been  influenced  by  the 
degree  of  success  that  attended  the  efforts  to  cultivate  B.  influen- 
zae from  the  sputum  and  organs  of  the  affected  individuals. 
Some  failed  entirely  to  demonstrate  the  organism  and  some 
found  it  in  only  a  few  cases.  These  workers  (10,  12,  23)  opposed 
Pfeiffer's  view  of  the  significance  of  his  bacillus  in  influenza  and 
some  of  them  were  inclined  to  the  view — which  was  based  on 
cultural  studies  and  inhalation  (spray)  experiments  in  human 
beings  with  filtered  sputum  (1,  4, 26, 35) — that  influenza  is  caused 
by  a  filterable  virus.  Another  group  of  workers  (2,  22,  41,  42) 
found  a  gram-positive  ''diplo-streptococcus"  or  a  diplococcus 
and  out  of  this  finding  comes  a  suggested  etiological  significance 
of  these  microorganisms.  Other  European  investigators  (8,  9, 
16,  21,  24,  25,  26,  36)  who  isolated  B.  influenzae  in  a  considerable 

1  Aided  by  grant  from  the  Metropolitan  Life  Insurance  Company  Influenza 
Commission. 

87 


88  ARTHUR   F.    COCA   AND   MARGARET   F.    KELLEY 

proportion  of  their  cases  (50  to  75  per  cent)  offered  these  findings 
in  support  of  Pfeiffer's  view.  A  few  writers  question  the  use  of 
the  negative  findings  as  an  argument  against  the  etiological  sig- 
nificance of  B.  influenzae,  on  account  of  the  known  difficulty  of 
cultivating  that  microorganism. 

The  majority  of  American  investigators  have  been  inclined  to 
favor  the  view  of  Pfeiffer,  either  because  of  the  production  of  a 
pathological  condition  in  monkeys  resembUng  influenza  by  the 
administration  of  cultures  of  B.  infl.uenzae  (5);  or  because  of 
similar  results  with  other  lower  animals  together  with  the  dem- 
onstration of  a  toxin-like  poison  in  broth  cultures  of  B.  influenzae 
(7, 18,  29) ;  or,  finally,  because  of  an  apparent  prophylactic  action 
resulting  from  the  injection  into  human  beings  of  ''vaccine"  pre- 
pared from  cultures  of  B.  influenzae  (6).  Some  (30),  it  is  true, 
are  impressed  by  the  frequent  finding  of  B.  influenzae  in  influenza. 

On  the  other  hand,  the  idea  that  the  primary  cause  of  influenza 
is  a  fi-lterable  virus  is  not  without  followers  in  this  country. 

On  the  basis  of  extensive  serological  studies  carried  out  under 
his  direction.  Park  (27,  28)  has  introduced  a  new  argument  into 
the  discussion  of  the  question  in  hand.  The  argument  lies  in  the 
self-evident  proposition  that  the  most  characteristic  feature  of 
influenza;  namely,  its  pandemic  occurrence,  which  distinguishes 
it  from  all  other  infectious  diseases,  requhes  the  assumption  of 
a  single  etiological  factor  in  its  causation.  According  to  this 
proposition  it  is  not  sufficient,  in  order  to  prove  the  causal  rela- 
tionship of  Pfeiffer's  bacillus  to  influenza,  that  an  obligative  hemo- 
phylic,  pathogenic  bacillus  be  found  in  all  or  nearly  all  cases  of 
influenza.  It  is  necessary,  in  addition  to  this,  to  show,  with  the 
aid  of  reliable  biological  reactions,  such  as  that  of  agglutination, 
that  the  cultures  obtained  from  influenza  patients  that  are  known 
not  to  have  been  in  contact  with  one  another  are  identical. 

It  was  with  this  principle  in  mind  that  Eugenia  Valentine  and 
Georgia  M.  Cooper  (40),  under  Park's  direction,  made  their 
study  of  different  cultures  of  B.  influenzae  obtained  from  cases  of 
influenza  during  the  recent  epidemic.  These  investigators  in- 
jected rabbits  with  cultures  of  B.  influenzae  and  tested  each  indi- 
vidual antiserum  produced  against  a  single  culture  with  the  same 
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(homologous)  culture  and  with  other  cultures  of  B.  influenzae. 
The  tests  were  made  by  direct  agglutination  and  by  agglutina- 
tion after  absorption  with  the  homologous  cultures  as  well  as 
with  the  other  cultures  that  showed  cross-agglutination. 

The  results  obtained  with  the  use  of  this  method  of  study  were 
surprising  and  highly  illuminating.  Not  only  were  no  identities 
of  the  cultures  found,  excepting  where  previous  contact  between 
the  individuals  concerned  could  be  demonstrated  or  surmised, 
but  in  one  family,  the  six  members  of  which  were  stricken  at 
very  nearly  the  same  time,  the  six  cultures  obtained  were  all  dif- 
ferent. Thus,  even  under  circumstances  most  favorable  for  the 
finding  of  a  hypothetical  pandemic  strain  or  culture  of  the  bacil- 
lus of  Pfeiffer,  the  study  failed  to  reveal  the  existence  of  any  such 
strain. 

In  the  light  of  Park's  argument  these  observations  seem  to 
admit  of  but  one  conclusion;  namely,  that  Pfeiffer's  bacillus  can- 
not be  the  specific  cause  of  influenza. 

The  importance  of  this  conclusion  makes  it  obviously  advisable 
that  the  observations  on  which  it  is  based  be  confirmed  and  it  was 
with  this  purpose  in  view  that  the  present  study  was  undertaken. 

The  cultures  studied  were  of  six  groups  as  to  source. 

Cultures  Holmes,  Eldridge,  Gordon  and  Amert  were  of  the 
marine  group  of  Valentine  and  Cooper,  who  designated  the  cul- 
tures as  ]\I7,  M3,  M4  and  Ml,  respectively.  Cultures  Leuchner 
and  Meyer  were  the  cultures  Hll  and  H13  of  Valentine  and 
Cooper.  Cultures  Lee,  Williams,  Masates  and  Godfrey  were 
autopsy  strains  designated  with  these  names  in  the  paper  of 
Valentine  and  Cooper.  Cultures  Angelo  and  Michael  were  de- 
rived from  the  family  group  of  Valentine  and  Cooper.  Cultures 
126,  159,  160  and  Witt  were  isolated  from  cases  of  influenza  dur- 
ing the  winter  1919-1920  by  Dr.  Anna  Williams.  Cultures  62 
and  G.  L.  T.  were  kindly  supplied  by  Dr.  E.  O.  Jordan  of  Chicago, 
these  having  been  isolated  from  cases  of  influenza  in  Chicago 
during  the  last  winter. 

Thus,  the  cultures  subjected  to  the  present  examination  were 
derived  from  widely  different  sources,  both  as  to  the  time  and 
as  to  the  locality  of  their  isolation. 
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CULTURE   MEDIUM 

Throughout  the  present  study  we  have  used  the  so-called 
"chocolate"  medium;  that  is  heated  blood-agar.  The  proper 
method  of  preparing  this  medium  and  the  history  of  the  method 
seem  generally  to  have  had  inadequate  consideration  in  the 
literature. 

The  advantage  of  heating  the  mixture  of  blood  and  agar  was 
first  noted  by  Dr.  Olga  Povitzky  in  an  inconspicuous  remark 
made  in  the  course  of  one  of  the  Collected  Studies  from  the 
Bureau  of  Laboratories,  Department  of  Health,  City  of  New  York, 
1912-13,  vii,  93.  At  the  foot  of  page  94  is  found  the  following 
statement:  "Recently  we  found  that  a  more  vigorous  growth  is 
obtained  on  coagulated  blood  medium.  This  mediiun  is  obtained 
by  adding  blood  to  agar  (1:10  to  1:500)  at  90°C." 

In  a  paper  entitled  "Zur  Ziichtung  des  Influenzabazillus," 
Hundeshagen  referred  to  an  "American  method"  of  which  he 
had  learned  in  1915,  but  which  he  could  not  find  in  the  collected 
studies  referred  to,  although  he  had  searched  through  the  issues 
of  the  "past  four  years."  Hundeshagen  employed  the  method 
with  very  good  results.  He  heated  the  blood-agar  mixture  at 
96°C. 

A.  Fleming  boils  the  blood-agar  mixture  for  one  minute  and 
obtains  an  "enormous  growth"  in  this  slanted  mixture. 

In  our  experience  the  volume  of  growth  of  B.  influenzae  on 
the  blood-agar  medium  is  markedly  influenced  by  the  tempera- 
ture to  which  the  mixture  has  been  heated.  While  no  formal 
experiments  upon  this  point  have  been  carried  out,  we  can  say 
that  the  temperature  which  will  barely  cause  the  coagulation  of 
the  blood,  with  the  production  of  the  chocolate  brown  color,  is 
not  high  enough  to  provide  the  optimum  growth  conditions  in 
the  medium;  these  conditions  can  be  secured  by  subjecting  the 
mixture  to  a  temperature  between  96°  and  100°C.  for  a  period 
of  ten  minutes — possibly  less.  The  mixture  can  be  made  in  indi- 
vidual tubes,  these  having  been  taken  out  of  boiling  water  and 
returned  to  it  for  the  required  time;  or  the  mixture  can  be  made 
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in  bulk  in  a  flask  immediately  after  the  agar  has  been  removed 
from  the  autoclave. 

We  have  employed  neutral,  nutrient  agar  containing  5  per  cent 
glycerin,  adding  10  per  cent  of  sterile  horse's  blood. 

PRODUCTION   OF  ANTISERA 

Twenty-four-hour  cultures  were  injected  intravenously  into 
medium  sized  rabbits  over  a  period  of  three  weeks,  as  follows : 

On  the  first  day  a  suspension  of  one  agar  slant  growth  in  2  cc,  of 
sterile  saline  solution  was  heated  for  one  hour  at  60°C.  and  of  this  1 
cc.  was  injected. 

On  the  11th,  12th,  13th,  17th,  18th,  19th  and  20th  days  1  cc.  of  a 
similar  suspension  of  the  unheated  bacteria  was  injected.  On  the 
25th  day  the  animals  were  bled  and  the  sera  were  tested  with  the 
method  of  dhect  agglutination.  If  the  titer  of  the  serum  was  found  to 
be  lower  than  1 :  640,  as  it  was  in  two  instances,  the  injections  were 
continued  daily  for  a  period  of  ten  days,  after  which  in  both  cases  the 
titer  was  foimd  to  be  satisfactory;  that  is,  1 :  1280  and  1 :640,  respectively. 

Antisera  were  prepared  against  eight  different  cultures  and 
each  one  of  these  was  tested  by  direct  agglutination  with  all  of 
the  eighteen  cultures  included  in  this  study. 

The  results  of  the  test  by  dhect  agglutination  are  presented  in 
table  1. 

It  is  seen  that  most  of  the  sera  were  able  to  agglutinate  some 
of  the  heterologous  cultures.  However,  in  most  of  these  instances 
the  cross  agglutuiation  was  so  shght  (1 :320  or  less)  that  the  ques- 
tion of  a  possible  identity  of  the  respective  cultures  did  not  need 
to  be  considered.  Moreover,  a  later  test  carried  out  preliminary 
to  a  proposed  absorption  experiment,  showed,  in  all,  a  consider- 
able duninution  in  even  this  shght  degree  of  cross  agglutination, 
which  rendered  the  absorption  experiment  entirely  superfluous. 

The  absorption  experhnent  was  carried  out  with  the  antisera 
Gordon  and  Eldridge.  The  absorptions  carried  out  with  the 
antiserum  Holmes  are  described  below  in  the  special  study  of  that 
serum. 
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TECHNIC 

The  bacterial  sediment  used  in  the  absorption  experiment  rep- 
resented a  twenty-four-hour  ^'chocolate-agar"  slant  growth 
which  had  been  planted  from  a  previous  twenty-four-hour  choc- 
olate-agar  culture.  The  bacteria  were  scraped  off  the  surface 
of  the  medium,  suspended  in  about  10  cc.  of  sterile  saline  solution 
and  thrown  down  in  the  centrifuge. 

After  decantation  of  the  supernatant  fluid  there  was  added  to 
the  sediment  a  quantity  of  the  serum  to  be  absorbed  equal  to 
one-half  of  the  volume  of  the  bacterial  sediment.     The  serum 

TABLE  2 
Agglutinin  absorptions 


AGGLUTINATION  BEFORE 

ABSORBED 
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Eldridge 
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Godfrey 

Gordon 
Amert 

Eldridge 

Holmes 

Godfrey 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

and  bacterial  sediment  were  mixed  with  a  quantity  of  sterile 
saline  solution  necessary  to  provide  a  1 :  16  dilution  of  the  serum. 
The  mixture  was  placed  in  a  water-bath  at  45°C.  for  several 
hours  and  afterwards  in  the  ice-box  over  night.  The  superna- 
tant fluid  was  tested  with  suspensions  of  twenty-four-hour  growths 
of  the  cultures  under  consideration. 

The  results  of  the  absorptions  that  were  carried  out  are  shown 
in  table  2. 

It  is  seen  that  the  cultures  Gordon  and  Amert  are  identical, 
this  finding  confirming  that  of  Valentine  and  Cooper.  Cultures 
Eldridge  and  Holmes  seem,  by  the  test,  to  be  identical,  while 
Godfrey  is  different.     We  have  carried  out  similar  absorptions 
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with  two  sera  prepared  against  cultures  Eldridge  and  Holmes 
by  Miss  Valentine  and  Miss  Cooper  and  with  both  of  these  sera, 
also,  we  obtained  nearly  complete  cross  absorption. 

In  view  of  the  discordance  between  our  findings  and  those  of 
Valentine  and  Cooper  with  respect  to  these  two  cultures,  we  have 
immunized  another  rabbit  with  culture  Holmes  and  we  have  car- 
ried out  absorptions  with  the  resulting  agglutinating  serum. 
This  serum  agglutinated  cultures  Holmes  and  Godfrey  in  a  dilu- 
tion of  1 :  1280  and  it  agglutinated  culture  Eldridge  in  a  dilution 
of  1 :  640.  After  absorption  with  culture  Godfrey  the  serum  ag- 
glutinated both  cultures  Holmes  and  Eldridge  but  not  Godfrey. 
After  absorption  with  culture  Eldridge  the  serum  agglutinated 
culture  Holmes  in  a  dilution  of  1 :  1280,  but  could  not  agglutinate 
either  culture  Eldridge  or  culture  Godfrey. 

We  are  unable  to  explain  these  discordant  results  in  the  differ- 
ent absorption  experiments.  However,  the  discordance  is  imma- 
terial to  the  main  argument  since  the  individuals  from  whom  the 
cultures  were  obtained  had  been  in  personal  contact  with  each 
other. 

The  foregoing  study  confirms  the  findings  of  Valentine  and 
Cooper  and  supports  the  conclusion  of  Park  that  the  bacillus  of 
Pfeiffer  can  not  be  the  cause  of  influenza. 

The  non-identity  of  different  cultures  of  Pfeiffer's  bacillus  has 
been  recognized  elsewhere.  Beihng  found  identity  in  two 
strains  out  of  six,  all  of  undescribed  source.  A  paper  has  just 
been  published  by  H.  H.  Bell  (la)  in  which  this  author,  in  a  study 
of  a  large  number  of  cultures  obtained  from  cases  of  influenza  in 
the  St.  Louis  Children's  Hospital,  completely  confirms  the  find- 
ings of  Valentine  and  Cooper. 

Neither  of  these  investigators  seems  to  have  realized  the  sig- 
nificance of  these  findings  with  regard  to  the  question  of  the  eti- 
ology of  influenza.  Biehng  indicates  his  belief  in  the  etiological 
relationship  of  the  bacillus  of  Pfeiffer  to  influenza  by  adopting 
the  suggestion  of  Novacovic  and  of  Neufeld  and  Papamarku  that 
a  polyvalent  antigen  of  B.  influenzae  be  used  for  the  diagnosis  of 
influenza  (Widal  technic). 
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II.  AN  UNUSUAL  OBSERVATION  UPON  THE  NATURAL  INHIBI- 
TION IN  AGGLUTINATING  SERUM 

In  table  1  it  is  seen  that  the  serum  obtained  after  immunization 
with  culture  Holmes  was  able  to  agglutinate  both  cultures  Angela 
and  Godfrey  in  a  dilution  of  1 :  1280,  but  it  could  not  clump  its 
homologous  culture  in  any  concentration  within  the  usual  limits. 
This  phenomenon  has  not  been  hitherto  observed,  or  at  least 
recognized,  perhaps  on  account  of  the  fact  that  the  preliminary 
examination  of  an  antibacterial  serum  is  usually  carried  out  with 
only  the  homologous  culture. 

In  order  to  exclude  the  possibility  of  a  technical  error,  we  tested 
the  serum  again  by  direct  agglutination  with  the  cultures  Holmes, 
Godfrey  and  Angela  and  at  the  same  time  we  assiured  ourselves 
of  the  identity  and  agglutinability  of  our  Hohnes  culture  by  test- 
ing it  with  two  anti-Holmes  sera  prepared  by  Miss  Valentine  and 
Miss  Cooper.  The  results  of  this  retest  were  identical  with  those 
obtained  at  the  first  examination. 

Two  possible  explanations  of  the  phenomenon  presented  them- 
selves: Either  no  major  agglutinins  had  been  produced  in  the 
injected  rabbit  or  the  agglutinins  which  had  been  formed  against 
the  injected  culture  were  prevented  from  exhibiting  their  usual 
effect  on  account  of  the  action  of  an  inhibiting  mechanism.  The 
former  possibility  could  not  be  immediately  investigated;  the 
latter  was  subjected  at  once  to  experiment. 

The  tests  already  described  gave  evidence  that  if  the  lacking 
agglutination  of  the  homologous  culture  was  due  to  an  inhibiting 
mechanism,  the  inhibition  was  specific,  since  it  did  not  interfere 
with  the  group  agglutinations.  The  actual  demonstration  of  the 
inhibiting  mechanism  was  made  in  an  experiment  the  results  of 
which  are  presented  in  table  3. 

In  two  series  of  test  tubes  were  distributed  constant  quantities 
(two  completely  agglutinating  doses)  of  two  different  anti-Holmes 
sera  (Valentine  and  Cooper) .  To  each  tube  of  the  two  series  were 
added  the  usual  quantity  of  a  suspension  of  a  twenty-four-hour 
blood-agar  Holmes  culture  and  diminishing  quantities  of  our  anti- 
Holmes  serum  f.  In  both  series  agglutination  was  completely 
inhibited  by  3^  cc.  of  the  serum  f . 
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A  further  test  of  the  specificity  of  this  inhibition  was  made  by 
mixing  the  serum  f  with  two  completely  agglutinating  doses  of 
the  anti-sera  Gordon,  Masates  and  Michaels;  these  doses  were 
respectively  i^,  ^  and  3^  cc.  In  no  case  was  agglutination  in 
the  least  inhibited  by  as  much  as  0.1  cc.  of  undiluted  serum  f,  or 
by  any  smaller  quantity  down  to  ^q  cc. 

The  existence  of  an  inhibiting  mechanism  was  thus  demon- 
strated and  it  seemed  probable,  therefore,  that  there  were  major 

TABLE  3 
Showing  the  inhibiting  property  of  serum  f 


Series  1 

Serum  1108  diluted 
1:16 

Serum  f  undiluted  . . . . 

Suspension  of  Holmes 
culture 

Saline  solution 

Results  after  twenty- 
four  hours  at  45 "C. . 

Series  2 

Serum  725  diluted  1:16 
Serum  f  undiluted. .  .  . 
Suspension  of  Holmes 

culture 

Saline  solution 

Results      after      two 

hours  at45°C 
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agglutinins  in  the  serum  the  action  of  which  was  prevented. 
That  this  is  true,  was  proven  by  the  fact  that  upon  several  weeks 
standing  the  serum  f  rather  abruptly  acquired  the  ability  to 
agglutinate  the  homologous  culture.  In  table  4  are  shown  the 
results  of  the  agglutination  tests  that  were  carried  out  on  the 
37th,  40th  and  50th  days  after  the  serum  had  been  obtained  from 
the  rabbit. 

Two  possibihties  presented  themselves  in  explanation  of  the 
inhibition.     Either  the  agglutinins  were  prevented  from  uniting 


SEROLOGICAL   STUDY   OF   BACILLUS   OF   PFEIFFER 


97 


with  the  homologous  bacteria  or  after  such  union  had  taken  place 
the  usual  clumping  was  inhibited.  This  question  was  investi- 
gated with  the  technic  of  absorption. 

With  0.25  cc.  of  the  bacterial  sediment  of  a  twenty-four  hour 
blood  agar  growth  of  the  Holmes  culture  were  mixed  0.1  cc.  of 
the  serum  f  and  1.4  cc.  of  sterile  1  per  cent  sahne  solution.  After 
this  mixture  had  stood  at  45°C.  for  four  hours  and  in  the  ice-box 
overnight  the  supernatant  fluid  obtained  by  centrifugation  was 
tested  with  the  homologous  strain  and  with  all  of  the  heterologous 
strains  which  the  unabsorbed  serum  was  capable  of  clumping.  All 
of  these  tests  resulted  negatively,  all  agglutinating  power  having 
been  removed. 

TABLE  4 
Showing  the  disappearance  of  the  inhibiting  property  of  serum  f 


DEGREE  OF  AGGLUTINATION  PRODUCED  UPON  CULTURE  HOLMES  BY  SERUM  F 

DAT  OF  TEST 

Quantity  of  serum  f 

tJb  cc. 

Tsk    CC. 

siu  cc. 

-i'h-e  cc. 

55'b(5  cc. 

it's 5  CC. 

37th 
40th 
50th* 

zfc 

+ 

+  +  +  + 

+  +  +  + 

+++ 
++++ 

=fc: 

+  +  + 

+  +  +  + 

± 

+ 

+  + 

=fc 

*  On  this  day  the  serum  was  fouud,  also,  to  cause  complete  agglutination  in 
all  quantities  between  to  cc.  and  s'n  cc. 


As  the  homologous  agglutination  by  the  supernatant  fluid  could 
conceivably  have  been  prevented  by  the  continued  presence  of 
the  inhibiting  mechanism  a  second  absorption  expermient  was 
carried  out  and  this  time  the  supernatant  fluid  was  examined  for 
the  presence  of  that  mechanism.  The  results  of  this  experiment 
are  presented  in  table  5. 

It  is  seen  that  at  least  93.75  per  cent  of  the  inhibiting  power  of 
the  serum  had  been  removed  by  the  bacterial  sediment.  The 
experiment  demonstrates,  therefore,  that  the  inhibition  is  due  to 
the  presence  of  a  specific  substance  which  is  absorbed  by  the 
homologous  culture  and  prevents  the  clumping  action  of  the 
homologous  agglutinins,  which  also  are  absorbed.  The  experi- 
ment was  carried  out  on  the  37th  day  of  the  serum's  life,  at  which 


98  ARTHUR   F.    COCA   AND   MARGARET   F.    KELLEY 

time,  as  we  have  seen  above,  the  inhibiting  power  of  the  serum 
was  akeady  diminishing. 

The  foregoing  study  has  produced  some  observations  which 
may  throw  hght  on  the  mechanism  of  the  inhibition  often  ob- 
served in  the  use  of  the  larger  quantities  of  agglutinating  immune 
sera.  In  their  well-known  work  upon  this  subject  Eisenberg 
and  Volk  came  to  the  conclusion  that  that  inhibition  is  due  to 

TABLE  5 

Showing  the  absorption  of  tfie  inhibiting  substance  in  serum  f  by  the  homologous 

bacteria 
A  mixture  of  0.1  cc.  of  serum  f,  0.2  cc.  of  bacterial  sediment  of  the  Holmes  cul- 
ture and  enough  of  a  1  per  cent  saline  solution  to  make  a  total  volume  of  1.7  cc. 
was  allowed  to  stand  for  two  hours  at  45°C.  and  overnight  in  the  ice-box.  The 
supernatant  fluid,  obtained  by  centrifugation,  was  compared  with  the  unabsorbed 
serum  f  as  to  its  inhibiting  power. 


TUBE  1 

TUBE  2 

TUBE  3 

TUBE  4 

TUBE   5 

TUBE  6 

Series  1 

CC. 

CC. 

CC. 

CC. 

CC. 

CC. 

Supernatant  fluid 

0.2 

0.1 

0.05 

0.025 

0.0125 

Suspension  of  Holmes 

culture 

0.5 

0.5 

0.5 

0.5 

0.5 

Serum  1108  or  725 

3*^ 

zh 

3-b 

3k 

3k 

Result                      fllOS 

+  +  +  + 

++++ 

+  +  +  + 

+  +  +  + 

+  +  +  + 

(agglutination) .  .\  725 

+  +  +  + 

++++ 

+  +  +  + 

+  +  +  + 

+  +  +  + 

Series  2  (control) 

tV 

-i\ 

1 

^h 

Tiln 

,^»n 

Suspension  of  Holmes 

0.5 

0.5 

0.5 

3*5 

0.5 

0.5 

0.5 

Serum  1108  or  725 

sh 

Result                       fll08 

=±= 

± 

+ 

++ 

+  + 

+++ 

(agglutination) .  .\  725 

0 

=fc 

=fc 

zfc 

+  + 

++++ 

the  action  of  altered  agglutinins — agglutinoids.  Such  altered 
agglutinins  were  supposed  by  these  authors  to  lack  the  power 
of  agglutination  while  possessing  a  uniting  power  (binding  group) 
in  enhanced  degree  (increased  avidity).  A  similarly  acting  prop- 
erty of  inhibition  could  be  induced  in  agglutinating  sei-a  by 
heating  or  by  ageing.  The  inhibition  was  not  directly  demon- 
strable in  the  aged  serum,  but  it  was  inferred  by  the  authors  in 
explanation  of  an  altered  coefficient  of  absorption. 
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It  seems  likely  that  the  inhibiting  substance  of  our  serum  f 
was  unique,  not  in  its  quality  but  in  its  quantity  in  the  serum. 
Serum  f,  in  other  words,  contained  an  unusually  large  quantity  of 
the  natural  inhibiting  substance  of  agglutinating  sera. 

A  striking  difference  is  manifest  in  our  observations  between 
this  natural  inhibiting  substance  and  the  artificial  ''agglutinoid" 
described  by  Eisenberg  and  Volk.  This  difference  lies  in  the  fact 
that  while  ''agglutinoid"  is  formed  in  agglutinating  serum  upon 
standing,  the  inhibiting  substance  of  serum  f  lost  its  power  of 
inhibition  completely  on  standing. 

We  are  unable  to  say  whether  this  instability  is  a  property 
the  natural  inhibiting  substance  of  all  agglutinating  sera.  How- 
ever, we  can  record  that  in  one  serum  (Eldridge)  the  inhibiting 
power  that  was  exhibited  only  by  the  larger  quantities  (0.2  cc. 
to  0.05  cc.)  was  completely  lost  by  the  21st  day. 

In  view  of  the  radical  difference  just  referred  to,  there  seems  to 
be  no  ground  for  looking  upon  the  natural  inhibiting  substance 
as  a  modified  agglutinin.  That  it  is  a  specific  antibody  is  clear. 
Its  relation  to  the  inhibiting  mechanism  of  the  Neisser-Wechs- 
berg  phenomenon  has  not  been  investigated. 

The  assumption  that  the  inhibiting  substance  has  a  greater 
''avidity"  than  the  active  agglutinins  seems  superfluous,  in  view 
of  the  fact,  demonstrated  by  Eisenberg  and  Volk  themselves, 
that  the  previous  absorption  of  the  inhibiting  substance  by  the 
bacteria  does  not  prevent  the  subsequent  attachment  of  agglu- 
tinins to  the  same  bacteria.  Our  own  experiments  show  that  the 
inhibiting  and  the  agglutinating  antibodies  are  absorbed  together. 

SUMMARY 

1.  Confirming  the  previous  work  of  Valentine  and  Cooper,  a 
study  of  eighteen  cultures  of  the  bacillus  of  Pfeiffer  isolated  from 
cases  of  influenza  in  different  localities  and  at  different  times  re- 
vealed identities  in  the  cultures  only  when  a  probability  of  per- 
sonal contact  existed. 

2.  On  the  basis  of  Park's  argument  these  findings  admit  of  only 
one  conclusion  with  regard  to  the  role  of  Pfeiffer's  bacillus;  namely, 
that  that  microorganism  is  not  the  cause  of  the  disease. 
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3.  An  immune  serum  prepared  by  the  injection  of  one  strain  of 
B.  influenzae  was  found  to  agglutinate  other  strains  of  that  bacil- 
lus, but  not  the  one  used  for  the  immunization.  This  phenome- 
non was  due  to  the  presence  of  an  unusual  quantity  of  a  specific 
inhibiting  antibody. 
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The  subject  of  hypersensitiveness  dates  from  the  earliest 
observations  upon  human  idiosyncrasy  when  it  was  noted  that 
certain  persons  reacted,  with  pecuhar  symptoms,  to  contact 
with  substances,  such  as  foods,  drugs,  animal  emanations  and 
pollens,  which  to  the  great  majority  of  individuals  were  entirely 
innocuous.  Considerable  added  interest  was  infused  into  the 
study  of  this  natural  hypersensitiveness  of  human  beings  by  the 
observations  of  Richet,  Arthus,  Theobald  Smith  and  many 
others  upon  the  experimental  hypersensitiveness  of  lower  ani- 
mals. One  of  the  outstanding  results  of  this  stimulated  interest 
was  the  generally  accepted  inclusion  of  all  of  the  known  phenom- 
ena of  peculiar  or  unusual  physiological  reactivity  under  one 
heading — that  of  anaphylaxis. 

In  the  designation  of  such  phenomena  in  one  group  the  quality 
of  peculiar  reaction  has  generally  been  the  only  one  taken  into 
account,  notwithstanding  obvious  and  often  radical  differences 
among  some  of  them  as  to  their  nature  and  causation.  At 
present  no  etiological  subdivision  of  these  various  phenomena 
is  recognized. 

It  is  the  purpose  of  this  article  briefly  to  present  restrictive 
definitions  of  the  terms  in  general  use  in  the  literature  of  the 
subject  and  to  classify  the  known  phenomena  of  pecuhar  physio- 
logical reaction  in  accordance  with  these  definitions. ^ 

*  A  fuller  exposition  of  this  question  is  contained  in  the  article  on  "Hyper- 
sensitiveness" in  the  forthcoming  Practice  of  Medicine  edited  by  Dr.  Frederick 
Tice. 
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It  may  be  that  the  term  hypersensitiveness  will  always  be 
needed  for  use  in  a  general  sense  applicable  to  conditions  of  non- 
specific, exaggerated  or  unusual  reactivity  on  the  part  of  a  living 
organism.  Such  conditions  are  illustrated  in  the  exaggerated 
sensitiveness  to  light  of  the  eye  in  conjunctivitis. 

There  are,  however,  two  groups  of  the  phenomena  of  pecuUar, 
physiological  reactivity,  which,  on  account  of  definite  constant 
features,  can  be  separated  from  the  others  etiologically  and 
these,  though  themselves  of  different  etiology, ^  can  be  associated 
under  the  heading  "Hypersensitiveness."  These  two  groups 
have  been  designated  with  the  familiar  terms  ''Anaphylaxis" 
and  "Allergy." 

From  the  determining  features  of  these  two  groups  has  been 
drawn  the  following  definition  of  true  hypersensitiveness;  namely, 
a  condition  of  specific  or  particular  reactivity,  with  character- 
istic symptoms,  to  the  administration  of  or  contact  with  any 
substance  in  a  quantity  which  to  most  of  the  individuals  of  the 
same  species  is  innocuous. 

This  definition  should  be  amplified  by  the  following  restrictive 
explanation : 

1.  The  "characteristic  symptoms"  are  generally  different  in 
the  different  animal  species  for  the  same  group  of  substances. 

2.  They  are  uniform  in  any  one  species  for  various  substances. 

3.  Where  the  exciting  agent  possesses  a  normal  physiological 
action;  for  example,  the  drugs,  the  symptoms  of  this  action  are, 
with  few  exceptions,  different  from  those  of  hypersensitiveness 
to  that  agent. 3 

By  the  terms  of  the  foregoing  definition  the  tuberculin  reaction 
of  Koch  and  the  so-called  toxin  hypersensitiveness  are  excluded 
from  the  category  of  true  hypersensitiveness ;  because : 

1.  The  symptoms  of  the  tuberculin  reaction  are  the  same  in 
all  animal  species. 

2  Etiology  refers,  here,  to  the  origin  of  the  underlying  conditions,  not  to  the 
exciting  agents,  which  are  often  identical  in  both  groups. 

»  All  of  these  facts  concerning  the  symptoms  of  true  hypersensitiveness  point 
to  the  conclusion  that  the  phenomena  under  consideration  are  not  dependent 
on  any  special  property  of  the  exciting  agent,  but  solely  upon  a  peculiar  ad- 
justment of  the  hypersensitive  individual  toward  that  agent. 


HYPERSENSITTVENESS  365 

2.  The  symptoms  of  toxin  hypersensitiveness  are  not  different 
from  those  of  the  noi-mal  physiological  effect  of  the  agent. 

The  phenomena  of  true  hypersensitiveness  are  classified  by 
the  writer  as  those  of  anaphylaxis  and  those  of  allergy  and,  as 
it  will  presently  appear,  these  terms  are  not  used  as  synonyms 
but  as  mutually  exclusive  terms. 

Anaphylaxis  is  a  state  of  true  hypersensitiveness  that  is  due 
to  the  presence,  in  certain  tissues,  of  specific  antibodies.  The 
symptoms  of  anaphylaxis  are  caused  by  the  meeting  of  these 
antibodies  with  the  respective  antigen  in  those  tissues.  This 
definition  may  be  elucidated  by  the  following  facts : 

1.  The  state  of  anaphylaxis  does  not  occur  spontaneously  but 
as  a  result  of  an  immunological  procedure  (active  or  passive). 
It  is  experimental.  The  exciting  agents  are  always  antigens 
capable  of  inducing  the  formation  of  precipitating  antibodies. 

2.  Anaphylactic  hypersentiveness  is  not  inheritable;  that  is, 
it  is  not  transmissible  to  the  offspring  from  the  male  parent. 
The  hypersensitiveness  that  is  sometimes  transmitted  from  the 
mother  to  the  offspring  is  always  identical  in  both  with  respect 
to  the  exciting  agent.  In  such  a  case  the  transmission  of  the 
hypersensitiveness  does  not  occur  by  inheritance  but  by  a  trans- 
feral of  specific  antibodies  from  the  blood  of  the  mother  to  that 
of  the  offspring  through  the  placenta. 

3.  An  animal  that  is  anaphylactic  can  always  be  rendered 
specifically  and  completely  insensitive  by  a  suitable  (gradual) 
neutralization  of  the  antibodies  which  are  responsible  for  the 
hypersensitiveness.  This  procedure  is  known  as  "desensitiza- 
tion." 

If  we  examine  the  facts  concerning  the  causation  and  symptoms 
of  human  hypersensitiveness  or  allergy,  we  find  full  conformity 
with  the  definition  of  true  hypersensitiveness. 

1.  The  condition  is  highly  specific  in  the  sense  that  it  is  exibited 
in  about  half  of  the  hypersensitive  individuals  to  only  one 
substance  (Cooke  and  Vander  Veer),  sometimes  indeed,  to  only 
one  chemical  group  or  element. 

2.  The  symptoms  are  generally  different  from  those  of  hyper- 
sensitiveness in  other  animal  species  (the  coryza,  the  gastro- 
intestinal symptom  complex,  eruptions) . 
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3.  The  symptoms  are  the  same  for  a  great  variety  of  different 
substances. 

In  these  three  characteristics  the  hypersensitiveness  of  allergy 
resembles  that  of  anaphylaxis.  In  all  other  respects,  however, 
the  two  conditions  are  diametrically  dissimilar.  This  dis- 
similarity is  evident  in  the  following  comparison : 

1.  The  exciting  agent  in  anaphylaxis  is  always  an  antigenic 
substance;  that  in  allergy  is  often  non-antigenic  and  cannot, 
therefore,  induce  a  condition  of  anaphylaxis. 

2.  The  hypersensitiveness  of  anaphylaxis  is  always  induced  by 
previous  introduction  of  an  undigested  antigenic  substance  into 
the  body  of  an  experimental  animal.  Such  a  procedure  has  not 
been  shown  to  induce  allergic  hypersensitiveness  in  human  beings 
and  the  weight  of  evidence  is  overwhelmingly  against  such  an 
assumption.  Allergy  is  often  exhibited  immediately  upon  the 
first  contact  with  the  exciting  agent. 

3.  The  hypersensitiveness  of  anaphylaxis  is  not  a  heritable 
condition.  That  of  allergy  has  been  proven  to  be  inherited, 
and  when  the  mother  is  affected  the  hypersensitiveness  of  the 
offspring  seems  to  be  more  often  exhibited  to  a  different  sub- 
stance than  the  one  that  affects  the  mother  (Cooke  and  Vander 
Veer). 

4.  The  phenomenon  of  desensitization,  which  never  fails  in 
anaphylaxis,  is  entirely  wanting  in  allergy.-  It  is  true  that  a 
certain  degree  of  lessened  sensitiveness  to  natural  contact  with 
the  exciting  agent  is  often  attained  in  allergy,  which  may  be 
termed,  clinical  insensitiveness.  In  all  such  cases,  however,  the 
suitable  administration  of  the  exciting  agent,  by  intracutaneous 
or  subcutaneous  injection,  will  demonstrate  the  persistence  of 
the  hypersensitiveness  (Cooke). 

The  differences  between  these  two  conditions,  which  have  just 
been  mentioned,  may  be  summarized  as  follows : 

Anaphylaxis  is  an  experimental,  or  induced,  non-heritable 
hypersensitiveness  due  to  the  presence  of  specific  antibodies  in 
certain  tissues. 

Allergy  is  a  natural  inherited  condition  of  hypersensitiveness, 
which  affects  only  human  beings  and  is  not  dependent  in  any 
way  on  immunological  antibodies. 
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It  is  clear  from  this  comparison  that  the  true  hypersensitiveness 
of  hmnan  beings,  which  we  have  designated  as  "allergy,"  must 
rest  on  an  etiological  basis  that  is  quite  different  from  that  of 
anaphylaxis. 

The  question  naturally  presents  itself,  cannot  the  hypersensi- 
tiveness of  anaphylaxis  be  induced  in  human  beings  as  well  as 
in  lower  animals? 

It  may  be  pointed  out,  here,  that  not  all  lower  animals  have 
been  rendered  anaphylactic.^  The  negative  experiments  of 
Yamanouchi  and  also  by  Uhlenhuth  and  Haendel  with  apes  have 
been  confirmed  with  a  much  larger  number  of  animals  by  Auer 
in  unpublished  observations.'^ 

For  the  certain  recognition  of  anaphylaxis  in  human  beings 
it  would  be  necessary  that  peculiar  and  characteristic  symptoms 
develop  only  after  a  reinjectioti  of  an  antigenic  substance.  If 
the  same  symptoms  are  seen  to  be  produced  often  by  a  primary 
injection  of  the  antigenic  substance  or,  indeed,  more  frequently 
after  a  primary  injection  than  after  a  reinjection,  then  such  evi- 
dence could  hardly  be  used  as  indicating  the  existence  of  a 
condition  of  anaphylaxis.  The  mere  absence  of  effect  at  the  first 
injection  by  no  means  proves  that  the  effect  of  the  reinjection  is 
due  to  the  immunological  mechanism.  The  difficulty  of  recog- 
nizing the  hypothetical  anaphylactic  symptoms  following  the 
reinjection  of  a  true  antigen  must  increase  if,  as  is  actually  the 
case,  the  symptoms  observed  under  such  circumstances  are  never 
different  from  those  of  allergy. 

It  becomes  necessary  at  this  point  to  identify  the  allergic 
symptoms;  that  is,  to  determine  what  symptoms  in  human  beings 
may  be  considered  to  be  allergic. 

On  the  one  hand  allergic  conditions  must  conform  to  the 
general  criteria  of  hypersensitiveness  and,  on  the  other  hand, 
they  must  present  some  feature  which  will  exclude  them  from 
thefcategory  of  anaphylaxis. 

^Under  the  definition  of  hypersensitiveness  laid  down  above, 
allergic  symptoms  may  be  identified  by  their  specificity,  their 

*  Only  the  usual  criteria  of  outward  symptoms  and  death  are  considered  here. 
'Personal  communication. 
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unusual  occurrence,  their  uniformity  with  different  exciting  agents 
and  their  difference  from  the  normal  physiological  effect  of  the 
agent. 

It  is  a  striking  feature  of  allergy  that  these  requirements  are 
met  by  several  symptoms*^  or  symptom-complexes.  Thus,  coryza 
bronchial  asthma,  gastro-intestinal  disturbance,  multiform  cu- 
taneous eruptions  and  sudden  death  following  dyspnoea  and 
respiratory  failure,  are  all  seen,  in  some  individuals,  to  result 
from  natural  contact  with  or  the  administration  of  substances 
that  are,  to  most  individuals,  entirely  innocuous. 

All  of  these  symptoms  are  found  to  occur  under  circumstances 
that  exclude  the  possibility  of  an  anaphylactic  etiology.  Such 
circumstances  are: 

1.  The  non-antigenic  nature  of  the  exciting  agent  as  in  drug 
allergy  (''idiosyncrasy"). 

2.  The  development  of  the  symptoms  at  the  first  contact  with 
the  agent,  as  in  many  cases  of  "serum  sickness"  without  incu- 
bation period. 

3.  The  demonstration  of  the  factor  of  heredity  in  the  causation 
of  the  symptoms. 

Having  identified  the  various  symptoms  of  allergy  we  may 
turn  again  to  the  question  whether  anaphylactic  hypersensitive- 
ness  does  actually  occur  in  man.  We  can  consider  this  question 
most  conveniently  by  examining  the  effects  in  human  beings  of 
the  injection  of  therapeutic  sera;  because  the  material  injected 
is  a  known  and  commonly  employed  anaphylactogen  and  because 
the  conditions  under  which  such  sera  are  administered  often 
approximate  those  of  the  anaphylaxis  experiment. 

The  injection  of  therapeutic  serum,  which  is  practically  always 
derived  from  the  horse,  is  often  followed  by  a  reaction  known  as 
"serum  disease."  The  symptoms  of  this  condition  are  those  of 
allergy  and  they  include  the  multiform  eruptions,  fever,  edema, 

*It  is  possible  that  there  are  other  clinical  manifestations  of  allergy  that 
have  not  yet  been  recognized  as  such. 

The  character  of  the  symptoms  in  any  particular  individual  is  determined  in 
part  by  the  mode  of  contact  with  the  exciting  agent.  For  example,  the  exciting 
agent  of  animal  emanations  if  inhaled  may  cause  coryza;  if  injected  under  the 
skin  it  may  cause  sudden  death. 
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joint  pains  and  sudden  death.  All  of  these  symptoms  and  some 
other  minor  manifestations  have  been  seen  to  follow  a  ^primary 
injection  of  the  serum;  that  is,  under  a  circumstance  which,  alone, 
would  seem  sufficient  to  rule  out  an  anaphylactic  (antibody- 
antigen)  mechanism.  Indeed  the  fact  should  be  emphasized 
that  the  vast  majority  of  the  instances  of  serum  disease  occur 
after  a  primary  injection. 

Additional  evidence  of  the  non-anaphylactic  nature  of  the 
"serum  disease"  that  results  from  a  primary  injection  of  serum 
is  found  in  the  constant  absence  of  the  phenomenon  of  desensiti- 
zation  in  that  condition. 

It  is  important,  here,  to  note  the  effect  of  a  reinjection  of  serum 
upon  the  course  of  serum  disease  in  individuals  that  presented 
that  condition  at  the  first  injection.  Under  these  circumstances 
the  symptoms  following  the  reinjection  do  not  differ  in  character 
from  those  that  were  produced  by  the  first  administration  of  the 
serum.  However,  there  is  no  doubt  that  the  period  of  incubation 
is  generally  shorter  at  the  reinjection  and  that  the  severity  of  the 
symptoms  is  often  increased.  It  must  be  emphasized  that  no 
evidence  exists  to  indicate  that  this  difference  between  the  re- 
actions occuring  at  a  first  injection  and  at  a  reinjection  depends 
on  any  immunological  influence. 

There  are  left  to  be  considered  the  relatively  few  instances 
in  which,  as  in  the  anaphylaxis  experiment  in  the  lower  animals, 
symptoms  resulted  in  human  beings  from  the  reinjection  but 
not  from  the  first  injection.  These  circumstances  are  analogous 
to  those  of  active  anaphylaxis  and  if  allergy  did  not  exist  they 
could  be  accepted  as  representing  anaphylaxis  in  man.  How- 
ever, in  none  of  these  instances  have  symptoms  been  noted  which 
were  characteristically  different  from  those  of  allergy.  They 
have  been  either  the  usual  eruptive  manifestations  or  collapse 
followed,  in  some  cases,  by  death. 

Hence,  the  only  reason  for  suspecting  these  cases  to  be  instances 
of  anaphylaxis  and  not  of  allergy  is  the  absence  of  symptoms  at 
the  first  administration  of  the  serum,  and  this  circumstance 
cannot  be  satisfactorily  explained  until  the  mechanism  of  allergy 
is  known.  Certainly,  it  is  not  sufficient  basis  for  a  separation 
of  these  instances  from  the  category  of  allergy. 
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In  this  connection  it  is  well  to  bear  in  mind  the  instances  in 
which  the  symptoms  of  drug  allergy  were  absent  at  the  first 
administration  of  the  drug  but  appeared  after  a  repeated  admin- 
istration. Only  very  few  such  instances  have  been  reported, 
probably  because  many  of  those  who  have  observed  them  have 
overlooked  their  theoretical  interest. 

I  am  permitted  by  Dr.  John  A.  Fordyce  to  refer,  in  advance 
of  their  publication,  to  some  instances  of  this  kind  that  have 
occurred  in  his  experience.  In  as  many  as  ten  or  twelve  cases 
no  symptoms  were  caused  by  the  first  four  or  five  intravenous 
injections  of  salvarsan.  The  fifth  or  sixth  injection  was  followed 
by  allergic  symptoms  (eruption)  which  recurred  at  all  subsequent 
administrations,  although  sometimes  long  intervals  of  time  (one 
to  three  years)  elapsed  between  successive  injections.  In  a 
personal  communication.  Dr.  Fordyce  remarks : 

The  amount  of  the  drug  which  produces  the  relapsing  eruption 
apparently  has  no  special  significance.  The  amount  of  drug  injected 
after  these  intervals  [one  to  three  years]  has  usually  been  a  minimum 
quantity,  about  0.25  to  0.3  of  a  gram  of  salvarsan. 

An  exactly  similar  case  has  been  observed  in  the  dermatological 
clinic  in  Cornell  University  Medical  College,  which  will  be 
reported  by  Dr.  Oscar  L.  Levin. 

Thus,  it  is  evident  that  the  mere  absence  of  symptoms  upon 
a  first  injection  of  serum  is  not  sufficient  to  indicate  that  the 
symptoms  occurring  upon  subsequent  injection  are  of  anaphy- 
lactic origin;  there  was  previous  evidence,  which  is  now  con- 
firmed by  the  more  numerous  observations  of  Fordyce  and  that 
of  Levin,  that  this  occurrence  is  a  characteristic  phenomenon 
of  drug  allergy — a  condition  obviously  unrelated  to  anaphylaxis. 

Even  in  the  few  cases,  therefore,  in  which  the  possibility  of 
the  operation  of  an  anaphylactic  mechanism  could  be  considered; 
that  is,  those  in  which  symptoms  developed  only  upon  a  rein- 
jection  of  serum,  there  appears  to  be  no  good  ground  for  looking 
upon  these  as  anything  else  than  less  usual  forms  of  allergy. 

As  is  well  known,  the  proof  that  the  manifestations  of  anaphy- 
laxis are  due  to  an  antibody-antigen  reaction  was  provided  in 
Otto's  demonstration  of  passive  sensitization. 
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The  principle  embodied  in  the  experiment  of  passive  sensiti- 
zation has  been  appHed  in  serum  and  food  allergies  and  even 
in  non-antigenic  drug  allergy  and  the  ultimate  purpose  of  such 
applications  of  the  principle  has  been  to  prove  the  anaphylactic 
nature  of  those  allergies.  However,  the  purpose  of  such  experi- 
ments has  been  nullified  by  a  fallacy  which  seems  to  have  been 
overlooked.  The  technic  of  passive  sensitization  can  be  used 
to  detect  the  presence  of  precipitin  in  an  individual's  blood, 
but  if  the  presence  of  precipitin  has  been  demonstrated  by  this 
means  it  does  not  follow  that  the  individual  under  examination 
is  anaphylactic.  For  example:  guinea-pigs  have  been  passively 
sensitized  with  serum  from  an  immunized  monkey,  yet  in  not  a 
single  instance  in  numerous  experiments  has  the  monkey  itself 
been  rendered  anaphylactic. 

In  applying  the  technic  of  passive  sensitization  in  the  study 
of  allergy,  the  investigators  have  transferred  the  serum  of  the 
human  individual  almost  exclusively  to  the  guinea-pig,  in  which, 
then  sensitization  to  the  exciting  agent  of  the  allergy  was  looked 
for.  However,  in  one  instance  reported  by  Ramirez,^  a  quantity 
of  blood  (600  cc.)  was  transfused  from  an  individual  that  was 
hypersensitive  to  horse  dander  to  an  anaemic  patient  who  had 
previously  exhibited  no  symptoms  of  allergy.  Two  weeks  after 
the  transfusion  the  recipient  went  for  a  carriage  drive  and  was 
seized  at  once  with  an  attack  of  asthma.  The  usual  cutaneous 
test  revealed  in  the  patient  a  hypersensitiveness  to  horse  dander. 
Unfortunately,  it  is  not  known  whether  the  cutaneous  hyper- 
sensitiveness existed  previous  to  the  transfusion  or  not. 

This  observation  is  unique  in  the  records.  If  it  should  be  found 
that  under  similar  circumstances  hypersensitiveness  could  be 
regularly  or  often  transferred  from  one  human  individual  to 
another,  it  would  be  necessary  to  revise  the  conception  of  allergy 
that  is  presented  in  the  foregoing  pages.  For  the  present,  it 
seems  proper  to  look  upon  the  occurrence  reported  by  Ramirez 
as  an  accidental  coincidence.  Some  support  is  given  to  this 
view  by  the  fact,  which  appears  in  the  paper  of  Ramirez,  that 

7  Journ.  A.  M.  A.,  1920,  73,  984. 
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the  same  donor  had  supplied  a  larger  quantity  of  blood  (800  cc.) 
to  another  recipient,  who,  however,  did  not  develop  hypersensi- 
tiveness  to  horse. 

The  age  of  onset  of  the  clinical  manifestations  of  allergy  is 
different  in  different  individuals.  Cooke  and  Vander  Veer  have 
shown  that  the  age  of  onset  depends  entirely  upon  a  hereditary 
influence.  It  seems  more  probable  that  the  recipient  observed 
by  Ramirez  had  just  reached  the  age  of  natural  onset  of  the 
horse  allergy  when  the  transfusion  was  carried  out,  than  that 
the  transfusion  itself  was  the  cause  of  the  allergy. 

In  view  of  the  facts  that  form  the  basis  of  the  foregoing  dis- 
cussion, it  seems  necessary  to  conclude:  first,  that  if  anaphylaxis 
does  occur  in  man,  it  does  so  only  very  rarely  and  secondly,  that 
there  is  no  positive  evidence  that  anaphylaxis  occurs  at  all  in 
human  beings. 


11  »■ 
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The  previous  source  of  information  regarding  the  pathology 
of  anaphylaxis  in  the  rabbit  has  been  chiefly  the  pubhcations 
of  Auer.  In  a  preliminary  report  (1),  Auer  referred  the  fatal 
acute  anaphylactic  shock  in  the  rabbit  to  a  direct  effect  upon 
the  heart,  which  he  designated  as  an  "inhibition"  or  a  ''paralysis," 
and  he  demonstrated  the  local  site  of  the  anaphylaxis  reaction 
in  that  animal  by  excluding  central  nervous  and  splanchnic  in- 
fluences before  the  reinjection.  The  changes  in  the  heart  de- 
scribed by  Auer  in  this  and  later  pubhcations  (2)  were  as  follows. 

The  heart  is  filled  with  blood  and  shows  either  no  ventricular  beat 
or  only  a  weak  beat.  The  auricles  beat  in  some  experiments  slowly 
and  regularly.  The  ventricles  respond  weakly  or  not  at  all  to  mechani- 
cal or  electrical  stimulus. 

There  is  a  remarkable  difference  between  the  two  ventricles;  the 
left  ventricular  wall  appears  to  be  practically  normal  as  to  its  con- 
sistence, whereas  the  right  ventricular  wall  feels  stiffer  and  less  yielding 
than  normal. 

In  a  study  (3)  of  the  cause  of  death  in  rabbits  resulting  from 
the  intravenous  reinjection  of  foreign  blood  corpuscles,  the  writer 
came  to  the  conclusion  that  the  fatal  result  here  was  due  to  a 
mechanical  obstruction  of  the  pulmonary  circulation  by  the 
agglutinated  corpuscles.  This  conclusion  was  drawn  from  the 
fact  that  the  corpuscles  could  regularly  be  found  in  the  puhno- 

1  This  research  was  supported  by  a  fund  contributed  by  the  writer's  friend, 

Major ,  M.R.C.,  U.  S.  A. 
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nany  capillaries  and  arterioles  after  death  resulting  from  the 
reinjection  of  nucleated  corpuscles  and  from  the  fact  that  in 
one  instance  when  the  corpuscles  were  laked  before  they  were 
used  for  the  reinjection  no  symptoms  followed  that  injection. 

Since  it  seemed  not  impossible  that  the  changes  observed  by 
Auer  could  be  secondary  to  an  interruption  of  the  pulmonary 
circulation  and  since  the  histological  findings  in  the  lungs  of 
rabbits  killed  by  the  reinjection  of  corpuscles  had  not  been 
explained  the  investigation  was  resumed  in  the  present  study. 

The  first  purpose  of  the  investigation  was  to  test  directly  the 
permeabihty  of  the  pulmonary  circulatory  system  of  rabbits  that 
had  been  killed  with  a  reinjection  of  blood  corpuscles. 

Upon  the  advice  of  Dr.  Robert  A.  Hatcher,  with  whom  a 
number  of  the  experiments  were  carried  out,  the  permeability 
of  the  pulmonary  vessels  was  tested  as  follows: 

After  the  death  of  the  animal  the  chest  was  widely  opened  and  both 
ventricles  of  the  heart  were  cut  off  with  a  scissors;  a  glass  cannula, 
connected  by  rubber  tubing  with  a  glass  bulb  containing  physiological 
saline  solution  was  inserted  into  the  pulmonary  artery  through  the 
right  ventricle  and  tied  fast;  care  was  taken  not  to  include  the  pulmo- 
nary vein  in  the  ligature ;  after  the  bulb  had  been  placed  at  the  level  of 
the  chest,  the  pinch-cock  on  the  rubber  tubing  was  opened  and  the 
bulb  was  slowly  raised  until  fluid  began  to  flow  from  the  left  auricle; 
at  this  point  the  height  of  the  column  of  sahne  solution,  measured  from 
the  level  of  the  heart,  was  noted. 

In  two  experiments  on  a  normal  rabbit  and  a  normal  cat, 
both  killed  with  ether,  a  pressure  of  10  cm.  of  salt  solution  was 
found  to  produce  a  steady  flow  from  the  left  auricle.  This 
result  is  in  agreement  with  the  estimations  of  the  normal  blood 
pressure  in  the  pulmonary  artery  of  rabbits  that  were  reported 
by  Knoll  (4)  and  by  Mellin  (5)  in  two  considerable  series  of 
determinations.  The  average  pressure,  according  to  these  au- 
thors, is,  repectively,  13  and  14.8  mm.  of  mercury.  The  maximal 
pressure  recorded  by  Knoll  was  18  mm.  of  mercury.  In  further 
tests  with  normal  rabbits  and  guinea-pigs  it  was  found  that  fre- 
quently an  initial  pressure  of  as  much  as  30  cm.  of  water  was 
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required  to  inaugurate  the  flow  of  the  perfusion  fluid  through 
the  lungs.  This  was  sometimes  seen  to  be  due  to  a  twisting  of 
the  pulmonary  artery  just  beyond  the  orifice  of  the  cannula  or 
to  a  closure  of  the  orifice  by  the  wall  of  the  vessel  being  stretched 
over  it.  This  circumstance  obviously  prevents  an  accurate 
measurement  of  the  lesser  degrees  of  any  abnormal  resistance 
in  the  pulmonary  circulation. 

A  prehminary  test  of  the  general  question  under  consideration 
was  made  in  the  following  two  experiments. 

Rabbit  133  received  a  primary  subcutaneous  injection  of  3  cc.  of 
the  once  washed  corpuscular  sediment  of  oxalated  sheep's  blood  and 
a  second  injection,  8  days  later,  of  2.5  cc.  of  the  same  material,  this 
time  by  the  intravenous  route.  Immediately  after  the  death  of  the 
animal,  which  occurred  4  minutes  after  the  intravenous  injection,  the 
permeability  of  the  pulmonary  vessels  was  tested.  A  pressure  of  49 
cm.  of  water  caused  a  slight  ooze  of  fluid  from  the  left  auricle  and  a 
pressure  of  70  cm.  produced  a  somewhat  increased  flow,  which,  however, 
was  less  than  the  normal  flow  at  10  cm. 

Rabbit  303-304  received  a  primary  intravenous  injection  of  the 
washed  sediment  of  2  cc.  of  chicken's  blood  and,  16  days  later,  a  similar 
injection  of  5  cc.  of  the  same  material.  Death  followed  the  reinjection 
in  two  minutes  and  the  pulmonary  circulation  was  found  to  be  imper- 
meable to  physiological  saline  solution  under  a  pressure  below  70  cm. 
of  water.  At  71  cm.  a  slight  ooze  of  fluid  from  the  left  auricle  began, 
which  increased  to  a  slow  flow  at  84  cm. 

In  both  of  these  experiments,  as  the  bulb  containing  the 
sahne  solution  was  raised  in  testing  the  permeabihty  of  the 
pulmonary  vessels,  the  increasing  pressure  was  evidenced  by  a 
ballooning  of  the  pulmonary  artery  about  the  orifice  of  the 
cannula.  When  the  border  of  the  lung  was  incised,  while  the 
pulmonary  artery  was  under  the  maximal  pressure  of  the  per- 
fusion fluid,  no  oozing  of  fluid  could  be  detected.  A  deeper 
incision  severed  the  larger  branches  of  the  artery  from  which, 
then,  a  stream  of  the  fluid  issued  freely. 

These  experiments  demonstrate  the  occurrence  of  an  ob- 
struction to  the  pulmonary  circulation  in  rabbits  dying  after 
an  intravenous  reinjection  of  blood  corpuscles  and  they  seemed 
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to  uphold  the  earlier  behef  of  the  writer  that  the  cause  of  that 
obstruction  was  a  process  of  agglutination. 

In  support  of  that  belief  it  was  pointed  out  in  the  earlier 
publication  that  the  serum  of  normal  rabbits  contains  no  aggluti- 
nins for  chicken's  corpuscles,  which  are  not  "toxic"  on  a  first 
injection,  whereas  such  serum  does  contain  agglutinins  for  pig's 
corpuscles,  which  often  kill  rabbits  at  the  first  intravenous 
injection. 

The  two  succeeding  experiments  were  undertaken  to  deter- 
mine whether  death  following  the  primary  intravenous  injection 
of  "toxic"  corpuscles  may  also  be  due  to  an  obstruction  of  the 
pulmonary  circulation. 

Normal  rabbit  408-413  received,  by  intravenous  injection,  the  thrice 
washed  corpuscles  of  6  cc.  of  pigs  blood.  Death  followed  in  four  min- 
utes and  the  pulmonary  vessels  were  found  to  be  impermeable  to 
normal  saline  solution  under  a  pressure  of  90  cm.  At  94  cm.  a  slight 
ooze  of  fluid  began  from  the  left  auricle. 

Normal  rabbit  129-169  received  a  similar  injection  of  5  cc.  of  pig's 
corpuscles.  In  this  instance  the  animal  fell  over  two  minutes  after 
the  injection  but  did  not  die  till  fifteen  minutes  later.  A  pressure  of 
29  cm.  caused  a  slight  ooze  of  fluid  from  the  left  auricle,  which,  as  the 
bulb  was  raised  to  a  height  of  70  cm.,  increased  to  about  the  rate  of 
flow  through  the  normal  lung  at  a  pressure  of  10  cm. 

These  two  experiments,  while  apparently  adding  further  sup- 
port to  the  agglutination  theory,  actually  threw  some  doubt 
upon  that  assumption  because  a  previous  examination  had  shown 
that  the  serum  of  rabbit  408-413  contained  no  demonstrable 
normal  agglutinins  for  pig's  corpuscles.  The  succeeding  experi- 
ments rendered  the  theory  untenable. 

The  corpuscular  sediment  of  pig's  blood,  which  had  been  washed 
three  times  with  physiological  saline  solution,  was  mixed  with  an  equal 
volimae  of  distifled  water  and  after  five  minutes,  complete  hemolysis 
having  taken  place,  the  mixture  was  centrifugalized  at  low  speed  for 
three  minutes.  The  resulting  supernatant  fluid  was  injected  intrave- 
nously into  three  normal  rabbits  as  follows: 
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Rabbits  2-14  and  167-170  received  respectively  8  cc.  and  2.5  cc. 
of  the  supernatant  fluid  and  both  died  four  minutes  later;  the  pulmo- 
nary vessels  in  both  animals  were  found  to  be  entirely  impermeable 
to  physiological  sahne  solution  under  a  pressure  of  94  cm.;  rabbit  414r- 
415  received  8  cc.  of  the  supernatant  fluid  without  exhibiting  any 
symptoms. 

In  only  one  of  these  three  animals  were  nonnal  agglutinins  to  pig's 
corpuscles  demonstrable;  0.2  cc.  of  the  serum  of  this  animal  (number 
2-14)  produced  very  shght  clumping  of  0.5  cc.  of  a  5  per  cent  sus- 
pension of  pig's  corpuscles.  Normal  anti-pig  hemolysin  was  present 
in  the  sera  of  2-14  and  167-170  and  absent  in  414-415;  0.2  cc.  of  the 
fresh  active  serum  of  the  last  mentioned  animal  caused  no  hemolysis 
of  0.5  cc.  of  5  per  cent  suspension  of  pig's  corpuscles. 

The  production  of  an  impermeable  condition  of  the  pulmonary 
vessels  by  the  injection  of  the  corpuscular  substances  in  solution 
excluded  the  possibility  here  of  an  agglutination  phenomenon 
as  the  cause  of  the  obstruction;  the  observation  rendered  such 
an  explanation  improbable,  also,  in  the  case  of  the  pulmonary 
circulatory  obstruction  following  the  reinjection  of  primarily 
non-toxic  corpuscles  and  it  suggested  that  the  symptoms  of 
serum  or  other  protein^  anaphylaxis  in  the  rabbit  are  hkewise 
due  to  obstruction  of  the  pulmonary  circulation. 

The  mechanism  of  the  acute  shock  of  anaphylaxis  in  the  rabbit 
w^as  studied  in  4  animals — rabbits  number  405-406,  407-408, 
170-304,  and  409-410 — which  had  received  13  injections  of  egg- 
\vhite  as  follows:  1st  day,  0.5  cc;  6th  day,  1  cc;  8th,  9th,  10th, 
11th,  13th,  14th,  15th,  16th,  17th,  18th  and  20th  days,  0.25  cc, 
usually  by  the  intraperitoneal  route.  The  test  injections  were 
made  on  the  twenty-fourth  day. 

Rabbit  405-406  received  2.5  cc.  of  undiluted  egg-white  by  intra- 
venous injection  and  died  two  minutes  later.  At  a  pressure  of  76  cm. 
of  water  a  shght  flow  of  the  perfusion  fluid  was  produced  through  the 
pulmonary  vessels. 

^  A  distinction  between  "corpuscle  anaphylaxis"  and  "protein  anaphylaxis" 
is  made  here  only  for  convenience  of  discussion.  It  will  be  presently  seen  that, 
as  in  the  guinea-pig,  the  mechanism  of  the  anaphylaxis  reaction  in  the  rabbit 
is  doubtless  the  same  whether  the  anaphylactogen  is  formed  or  not. 
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Rabbit  407-408  was  treated  exactly  as  the  preceding  animal  and 
it  died  within  two  minutes  after  the  injection.  The  pulmonary  vessels 
of  this  animal  resisted  a  water  pressure  of  86  cm.;  not  the  least  fluid  was 
forced  through  the  vessels  under  this  pressure. 

The  foregoing  experiments  demonstrate  that  in  anaphylaxis  in 
the  rabbit  the  acute  shock  is  accompanied  by  an  obstruction 
to  the  pulmonary  circulation,  which,  in  both  of  the  animals 
tested,  may  be  considered  physiologically  complete. 

As  to  the  mechanism  of  this  obstruction  two  possibilities 
suggested  themselves.  One  of  these  was  that  a  specific  precip- 
itate might  be  formed  upon  the  reinjection  of  the  protein  at 
the  test  and  that  this  precipitate  could  cause  an  embolic  closure 
of  the  pulmonary  capillaries  and  arterioles. 

The  possibility  of  a  mechanical  interference  with  the  circu- 
lation by  specific  precipitates,  formed  in  vivo,  was  considered 
in  relation  to  the  symptoms  of  serum  allergy  by  Rostoski  (6) 
and  by  Michaelis  and  Oppenheimer  (7)  but  all  of  these  authors 
rejected  the  theory  on  the  ground  that  in  such  a  case  death  must 
result  and  they  concluded,  from  the  fact  that  death  did  not 
follow  the  injection  of  a  foreign  serum  into  rabbits,  even  in 
the  presence  of  demonstrable  precipitin,  that  specific  precipi- 
tates are  not  formed  in  vivo.  The  argument  on  which  this  con- 
clusion rests  is  evidently  invalidated  in  anaphylactic  shock  in 
the  rabbit,  in  which  case  death  does  follow  the  injection. 

In  investigating  the  possibility  under  consideration  the  process 
of  perfusion  was  resorted  to  with  the  purpose  of  seeing  whether 
a  removal  of  the  greater  part  of  the  blood  contained  in  the  lungs 
would  prevent  the  development  of  the  obstruction  to  the  pul- 
monary circulation  when  the  antigen  was  then  introduced  into 
it. 

Rabbits  170-304  and  409-410  (for  previous  treatment  see  page  222) 
were  killed  with  a  blow  on  the  neck  and  a  cannula  was  fastened  in  the 
pulmonarj^  artery.  With  the  bulb  at  a  height  of  33  cm.  and  28  cm. 
respectively,  a  rapid  flow  of  warm  physiological  saline  solution  was 
maintained  through  the  pulmonary  vessels  for  5  minutes.  The  flow 
was  then  interrupted  with  a  pinch-cock  and  2.0  cc.  of  undiluted  egg- 
white  were  injected  into  the  lumen  of  the  rubber  tubing  between  the 
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pinch-cock  and  the  cannula.  One  minute  later  the  pinch-cock  was 
loosened  and  the  bulb  was  slowly  raised.  In  one  case  (170-304)  a 
pressure  of  77  cm.  of  water  caused  a  slight  ooze  of  fluid  from  the  left 
auricle;  in  the  other  (409-410)  not  the  least  fluid  could  be  forced  through 
the  lungs  under  a  pressure  of  92  cm.  of  the  perfusion  fluid. 

A  certain  limitation  of  the  procedure  just  described  has  been 
pointed  out  by  Larson  and  Bell  (8),  who  showed  that  the  per- 
fusion of  isolated  organs  wdth  physiological  saline  solution  does 
not  guarantee  the  complete  removal  of  the  blood  that  is  present 
in  the  organ  at  death,  since  considerable  areas  are  not  reached 
by  the  perfusion  fluid.  This  limitation^  cannot  be  disregarded. 
It  prevents  the  acceptance  of  the  foregoing  results  as  disproving 
the  occurrence  of  pulmonary  embolism  as  a  result  of  specific 
precipitate  formation  in  the  lumen  of  the  pulmonary  vessels, 
although  these  results  contribute  further  evidence  that  the  in- 
travenous reinjection  of  an  anaphy lactogen  in  the  rabbit  causes 
a  physiologically  complete  occlusion  of  the  pulmonary  circulation. 

Further  light  on  the  question  under  consideration  was  sought 
with  the  use  of  toxic  normal  serum.  It  is  known  that  in  the 
guinea-pig  and  the  dog,  the  effect,  both  as  to  sjrmptoms  and 
pathology,  of  the  primary  injection  of  toxic  normal  serum  is 
indistinguishable  from  that  of  a  reinjection  of  a  non-toxic  protein. 
This  is  evidently  due  to  a  peculiar  susceptibility  on  the  part  of 
certain  tissues,  w^hich  are  different  in  the  two  animals,  (the 
unstriped  bronchial  musculature  in  the  guinea-pig  and  the  liver 
cells  in  the  dog) ;  a  pecuhar  susceptibility  to  various  agents ;  for 
example,  pepton.  It  may  be  assumed,  therefore,  that  if  the 
injection  of  normal  serum  into  the  rabbit  produces  the  symptoms 
and  pathology  of  anaphylactic  shock  in  that  animal,  it  does  so 
through  its  influence  upon  the  mechanism  that  is  involved  in 
the  shock  of  anaphylaxis. 

The  experiments  with  toxic  serum  (fresh  unheated  sheep's  serum) 
were  carried  out  upon  two  normal  rabbits,  x  and  y,  of  1400  grams  and 

'  It  may  be  remarked  here  that  while  the  limitation  pointed  out  by  Larson  and 
Bell  clearly  applies  when  the  perfusion  is  carried  out  on  the  isolated  organs,  it 
has  been  found  (8)  not  to  apply  when  the  perfusion  is  conducted  upon  the  living 
animal. 
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1350  grams  weight,  respectively.  In  both  instances  20  cc.  of  the  serum 
were  injected  intravenously  and  death  occurred  in  1^  minutes  and  5 
minutes  respectively.  The  pulmonary  vessels  in  rabbit  x  were  found 
to  be  entirely  impermeable  to  salt  solution  under  a  pressure  of  82  cm., 
while  those  of  rabbit  y  resisted  a  water  pressure  of  68  cm.  (higher 
pressures  were  not  applied). 

In  rabbit  x  the  right  ventricle  and  the  abdominal  veins  were 
found,  at  autopsy,  to  be  completely  filled  with  clotted  blood 
and  the  possibility  had  to  be  considered  that  in  this  instance 
it  was  the  clotted  blood  which  hindered  the  passage  of  fluid 
through  the  pulmonary  vessels.  However,  this  explanation  w^as 
rendered  unlikely  by  the  following  experiment,  which  was  carried 
out  on  a  normal  guinea-pig  with  the  sheep's  serum. 

Six  cubic  centimeters  of  the  serum  were  injected  intravenously  into 
a  guinea-pig  of  500  grams  weight;  death  followed  in  three  minutes  with 
the  typical  symptoms  and  pathology  of  anaphylactic  shock  in  this 
animal.  The  right  heart  was  found  to  be  filled  with  clotted  blood, 
exactly  as  in  rabbit  x;  yet  the  pulmonary  vessels  were  readily  perme- 
able to  physiological  saline  solution  under  a  pressure  of  only  10  cm. 

This  experiment  indicates  that  the  mere  presence  of  recently 
clotted  blood  in  the  pulmonary  vessels  is  not  sufficient  to  prevent 
the  passage  of  fluid  through  them. 

The  results  of  the  foregoing  experiments  with  toxic  serum 
indicate  that  the  occlusion  of  the  pulmonary  vessels,  which  is 
peculiar  to  the  pathology  of  anaphylactic  shock  in  the  rabbit, 
is  not  brought  about  by  an  embolic  process,  because  the  normal 
rabbit's  blood  does  not  possess  the  power  of  precipitating  sheep's 
serum. 

We  are  lead,  by  this  conclusion,  to  the  alternative  assumption 
that  the  obstructing  mechanism,  which  is  affected  both  by  the 
reaction  of  anaphylaxis  and  by  primarily  toxic  serum,  is  situated 
in  the  vessel  wall  and  that  mechanism  must  be  the  muscular 
coat  of  the  arteries. 

It  is  not  to  be  supposed  that  it  is  only  the  pulmonary  artery 
of  the  rabbit  which  possesses  the  susceptibility  that  we  are  con- 
sidering, but  that  this  peculiarity  is  shared  by  the  entire  arterial 
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system.  When  the  test  material  is  administered  by  intravenous 
injection  it  is  the  puhnonary  artery  that  comes  first  under  its 
influence  and  it  is,  therefore,  the  interruption  of  the  pulmonary 
circulation  that  dominates  the  pathology  of  the  acute  shock  of 
anaphylaxis  in  the  rabbit.  However,  when  the  administration 
is  by  subcutaneous  injection  it  should  be  expected  that  a  corre- 
sponding obstruction  will  be  produced  in  all  of  the  local  arteries 
and  that  this  will  result  in  the  formation  of  an  area  of  anaemic 
infarction.  In  fact  such  an  effect  of  subcutaneous  injection  in  the 
rabbit  has  long  been  known  in  the  local  phenomenon  of  Arthus. 

Thus,  two  of  the  three  expressions  of  anaphylaxis  in  the  rabbit 
are  referable  to  the  same  mechanism  and  it  remams  to  be  seen 
whether  the  third  expression  of  anaphylaxis;  namely,  that  of 
the  delayed  shock  or  cachexia  of  Arthus,  is  susceptible  of  a 
similar  explanation. 

Opportunity  to  study  the  pathology  of  the  cachexia  of  Arthus 
was  presented  in  only  one  instance;  hence  the  findings  in  this 
animal,  although  they  were  unequivocal,  cannot  be  accepted 
without  further  confirmation.  The  history  of  the  animal  is  as 
follows. 

Rabbit  168-187,  weighing  2800  grams,  received  on  the  2nd,  6th  and 
21st  of  September,  2  ec,  2  cc.  and  1  cc.  of  dog's  serum  injected  sub- 
cutaneously.  On  September  28  the  animal  received  an  intravenous 
injection  of  2  cc.  of  dog's  serum  and  2  minutes  later  it  fell  over  in  clonic 
convulsions,  from  which,  however,  it  soon  recovered.  One  further  in- 
jection of  4  cc.  of  dog's  serum  was  given  on  October  3  by  the  intravenous 
route;  this  injection  caused  only  a  period  of  drowsiness  interrupted 
by  occasional  starting  up.  Excepting  the  first  injection  the  serum 
used  had  been  heated  for  one-half  hour  at  55°C. 

On  October  23  the  rabbit  was  found  dead  and  the  following  conditions 
were  observed  at  the  autopsy. 

The  animal  was  markedly  emaciated;  it  weighed  1970  grams.  The 
muscles  were  pale.  The  pleural  cavity  on  both  sides  was  filled  with 
a  clear  straw  colored  fluid  and  a  considerable  quantitj-  of  a  similar 
fluid  was  present  in  the  abdominal  cavity.  The  right  auricle  and 
ventricle  were  greatly  distended  and  filled  with  a  mixed  red  and  white 
blood  clot.     The  right    ventricular  cavity  measured   1   by    1.5    cm. 
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The  right  ventricular  wall  presented  an  area  of  about  the  size  of  a  dime 
which  was  so  thin  as  to  be  translucent.  This  condition  of  the  wall 
as  well  as  the  great  dilatation  of  the  cavity  of  the  right  ventricle  is 
shown  in  the  photograph  (fig.  1),  in  which  two  normal  rabbits'  hearts 
have  been  placed  on  either  side  of  the  heart  of  anaphylactic  cachexia. 
Microscopic  examination  of  the  thinned  area  revealed  the  entire  ab- 
sence of  muscular  elements;  these  were  replaced  with  fibrous  tissue. 
As  is  seen  in  the  photograph/  the  left  ventricular  cavity  was  relatively 
contracted;  the  left  auricle  was  in  a  similar  condition.  The  valves  of 
the  heart  were  normal.  The  lungs  were  diminished  in  volume  and 
of  markedly  increased  consistence.  The  consistence  of  the  left  lung 
was  leatheiy  like  that  of  atelectasis  and  portions  of  this  lung  sank 


^ 


Fig.  1 


when  placed  in  water.  There  was  no  edema  in  the  lungs  and  no  gross 
nor  microscopic  evidence  of  inflammation.  Microscopic  examination 
showed  a  thickening  of  the  interalveolar  septa,  which,  in  the  left  lung, 
liad  resulted  in  a  practically  complete  obliteration  of  the  alveolar 
cavities.  The  aorta  was  collapsed  and  contained  a  narrow  ribbon  of 
clotted  blood,  which  occupied  but  a  fraction  of  the  otherwise  empty 
lumen.  The  vena  cava  and  the  abdominal  veins  were  greatly  distended 
with  blood. 


^  In  the  middle  of  the  photograph  are  the  right  and  left  ventricles  of  the  heart 
of  rabbit  168-187.  The  light  area  on  the  inner  aspect  of  the  right  ventricle  marks 
the  area  of  thinning,  which  has  been  cut  through.  The  hearts  at  the  right  and 
left  are  from  normal  rabbits. 
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All  of  these  findings  are  characteristic  of  the  effect  of  a  chronic 
mitral  or  pulmonary  stenosis,  an  effect  which  obviously  must 
be  the  same  if  an  obstruction  to  the  circulation  occurs  in  the 
lung.  The  assumption  of  the  latter  site  of  obstruction  is  justified 
here  since  both  the  mitral  and  the  pulmonary  valves  were  en- 
tirely normal. 

In  a  single  experiment  the  mechanism  of  acute  anaphylactic 
shock  was  examined  in  a  rabbit  that  had  been  passively  sensitized. 

A  small  normal  rabbit,  weighing  900  grams,  received,  by  intravenous 
injection,  15  cc.  of  the  unheated  serum  of  a  rabbit  that  had  been 
highly  immunized  against  dog's  serum.  Five  minutes  later  2  cc.  of 
inactivated  dog's  serum  were  injected  intravenously.  Death  followed 
ten  minutes  after  this  injection  and  the  pulmonary  vessels  were  found 
to  be  impermeable  to  saline  solution  under  a  pressure  of  less  than  92 
cm.  of  water. 

We  are  now  in  position  to  explain  the  observation,  reported 
in  the  earlier  publication  (3),  that  in  the  lung  of  a  rabbit  which 
has  been  killed  by  a  reinjection  of  chicken's  corpuscles  the  arteri- 
oles and  capillaries  are  found  to  be  filled  with  the  nucleated  cells 
and  apparently  occluded  by  them.  This  finding  is  explained  by 
the  assumption  that  the  anaphylactogenic  substances  are  liber- 
ated from  the  injected  corpuscles  so  quickly  in  the  blood  current 
of  the  rabbit  that  by  the  time  the  corpuscles  reach  the  lungs 
the  concentration  of  the  liberated  substances  is  sufficient  to 
cause  the  occlusive  contraction  of  the  muscular  coat  of  the  pul- 
monary arteries.  As  soon  as  this  occlusion  is  physiologically 
complete,  the  flow  of  the  blood  ceases  and  the  nucleated  cor- 
puscles remain  wherever  they  happen  to  be,  whether  their  situ- 
ation is  proximal  or  distal  to  the  point  of  occlusion. 

This  explanation  is  supported  by  the  following  experiment. 

Two  rabbits  that  had  received  repeated  intraperitoneal  injections 
of  egg-white  were  given  finally  an  intravenous  injection  of  washed 
chicken's  corpuscles  suspended  in  egg-white.  Both  animals  died 
within  a  few  minutes  after  the  final  injection  and  in  both  instances 
microscopic  examination  of  the  lungs  revealed  the  presence  of  numer- 
ous nucleated  corpuscles  in  the  pulmonary  arterioles  and  capillaries. 
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Excepting  the  experiments  with  nucleated  corpuscles,  the 
histological  study  of  the  lungs  of  normal  rabbits  and  of  those 
that  have  died  in  acute  anaphylactic  shock  has  failed  to  reveal 
a  consistent  difference  in  the  condition  of  the  pulmonary  artery 
which  would  confirm  the  findings  obtained  with  the  technic 
described  above.     This  study,  however,  will  be  continued. 

It  has  been  suggested  above  that  the  changes  observed  in 
the  right  ventricle  by  Auer  are  conceivably  secondary  to  the 
interruption  of  the  lesser  circulation.  Such  an  occurrence  must 
affect  the  right  heart  by  withholding  nourishment  from  it  and 
also  by  increasing  to  a  maximum  the  work  required  of  the  right 
ventricle.  The  left  ventricle  is  likewise  deprived  of  nourish- 
ment, but  as  the  systemic  blood  pressure  falls  quickly  to  almost 
zero,  the  left  ventricle  is  soon  relieved  of  the  stimulus  to  work. 
This  may  explain  the  differences  between  the  two  ventricles 
described  by  Auer. 

SUMMARY 

In  acute  anaphylactic  shock  in  the  rabbit,  whether  induced 
with  cells  (corpuscles)  or  with  dissolved  protein,  and  after  both 
passive  and  active  sensitization,  an  occlusion  of  the  pulmonary 
vessels  is  constantly  observed. 

Experiments  with  dissolved  corpuscles  and  with  primarily 
toxic  serimi  indicate  that  this  occlusion  is  not  embolic  but  is 
due  to  a  contraction  of  the  muscular  coat  of  the  arteries  com- 
parable with  that  of  the  bronchial  musculature  in  anaphylactic 
shock  in  the  guinea-pig. 

The  local  phenomenon  of  Arthus  and  the  cachexia  of  the 
rabbit  that  was  observed  by  the  same  author  appear,  also,  to 
be  the  result  of  a  similar  interference  with  the  circulation. 
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I.    OX    THE    QUANTITATIVE  REACTION   OF    PARTIALLY  NEUTRALIZED 
PRECIPITIN  IN  VITRO  AND   IN  VIVO 

In  one  of  the  numerous  studies  (1)  with  which  Richard  Weil 
enriched  the  literature  of  anaphylaxis  he  came  to  the  conclusion 
that  the  reaction  between  antigen  and  antibody  that  occiu-s 
within  or  upon  the  susceptible  cells  in  the  anaphylactic  guinea- 
pig  takes  place  in  a  manner  different  from  that  of  the  reaction  of 
these  two  substances  in  vitro.  This  conclusion  was  drawn  from 
a  quantitative  study  of  the  anaphylactic  reactivity  of  passively 
sensitized  guinea-pigs  that  had  been  partially  desensitized. 

Weil  states  that  when  he  passively  sensitized  guinea-pigs 
with  different  amounts  of  immune  rabbit's  serum  and  partially 
desensitized  these  different  animals  with  the  same  quantity  of 
the  antigen  he  found  that  the  animals  were  all  equally  sensitive 
to  a  further  injection  of  the  antigen;  the  ''minimal  anaphylactic 
dose"  of  the  antigen  was  the  same  for  all  of  them.  The  result 
was  the  same  when  guinea-pigs  passively  sensitized  with  the 
same  amount  of  the  immune  serum  were  partially  desensitized 
with  varying  amounts  of  the  antigen;  with  all  of  these  animals, 
also,  the  "miinimal  anaphylactic  dose"  of  the  antigen  was  the 
same. 

These  experiments,  which  are  summarized  in  Vreil's  tables  12 
and  17,  revealed  a  second  pecuharity  which  forced  Weil  to  the 
conclusion  that  "partially  desensitized  (or  neutralized)  antibody 
reacts  to  antigen  in  a  manner  which  is  quite  different  from  that 
of  pure  antibody."     This  peculiarity  lies  in  the  fact  that  the 
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minimal  anaphylactic  dose  of  the  antigen  was  much  greater  for 
the  partially  desensitized  animals — 0.5  cc. — than  it  was  for  the 
animals  that  had  been  sensitized  with  any  smaller  dose  of  im- 
mune serum,  but  without  being  partially  desensitized- — 0.005  to 
0.05  cc.  According  to  Weil  this  latter  phenomenon  made  it 
seem  evident  ''that  desensitization  cannot  be  explained  on  the 
basis  of  the  neutralization  or  saturation  of  a  fraction  of  the  cel- 
lular antibody." 

Weil  wrote  that  these  two  phenomena  have  no  counterpart 
in  the  precipitin  reaction  in  vitro  nor,  indeed,  ''in  immunological 
science."  However,  since  he  did  not  attempt  to  reproduce  the 
phenomena  in  the  test  tube,  we  have  taken  up  this  question 
experimentally  in  the  present  study. 

The  usual  plan  of  our  investigation  was,  on  the  one  hand,  to 
sensitize  guinea-pigs  passively  with  a  precipitating  immune 
rabbit's  serum  and,  after  partial  desensitization  with  varying 
amoimts  of  the  antigen,  to  determine  the  minimal  fatal  dose  of 
the  latter  in  the  partially  desensitized  animals;  on  the  other  hand 
we  mixed  in  test  tubes  quantities  of  the  immune  serum  and 
antigen  that  corresponded  with  those  used  in  these  animal 
experiments  and  after  removal  of  the  resulting  precipitate  by 
centrifugation  we  determined  the  minimal  precipitating  amount 
of  the  antigen  with  the  supernatant  fluid.  The  supernatant 
fluid  was  also  injected  into  a  series  of  guinea-pigs  and  the  mini- 
mal lethal  dose  of  the  antigen  was  determined  for  the  animals 
so  treated. 

By  a  comparison  of  the  results  of  these  parallel  tests,  it  can  be 
seen  whether  the  interaction  of  precipitin  and  precipitinogen 
is  difTerent  in  vivo  and  in  vitro  as  Weil  thought. 

Such  experiments  were  carried  out  with  the  pseudoglobulm^ 
of  horse-serum  and  with  crystalline  albumin  prepared  from  the 
white  of  hen's  egg. 

The  immune  serum  used  in  the  first  experiment  was  a  mixture 
of  sera  derived  from  two  rabbits  (170  and  397)  that  had  received 

1  For  a  generous  supply  of  this  material  we  are  indebted  to  Charles  R.  Tyler, 
Research  and  Antitoxin  Laboratory,  Department  of  Health  of  the  City  of  New 
York,  Otisville,  N.  Y. 
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numerous  intraperitoneal  injections  of  crystalUine  egg  albumin, 
as  follows:  2  cc,  10  cc.  and  5  cc.  on  the  first,  fifth  and  eleventh 
days,  and  0.5  cc.  daily  from  the  thirteenth  to  the  twenty-sixth 
days  inclusive.  The  animals  were  bled  four  days  after  the  last 
injection. 

The  minimal  sensitizing  dose^  of  this  serum  mixture  was  found 
to  be  0.2  cc. 

The  minimal  anaphylactic  dose  of  the  egg  albumin  was  deter- 
mined for  guinea-pigs  that  had  been  sensitized  twenty-four  hours 
previously  with  0.4  cc.  of  the  serum  mixture.  The  protocol  of 
this  determination  is  presented  in  table  1. 


Determination  of  the  minimal  lethal  dose  of  egg-albumin  after  a  sensitizing  dose 
of  04  cc.  of  serum  170+397 


GUINEA-PIG 

EGG-ALBUMIN,  INTRAVENOUSLT 

HE8ULT 

1 

2 
3 
4 
5 

CC. 

0.0025 

0.005 

0.0075 

0.01 

0.01 

Slight  symptoms* 
Severe  symptoms 
Moderate  symptoms 

*>J<  =  typical  anaphylactic  death  within  2|  to  5  minutes. 

Severe  symptoms       =  immediate  violent  convulsions  with  eventual  recovery. 
Moderate  symptoms  =  slight  to  moderate  convulsions  usually  beginning  after 

4  to  5  minutes. 
Slight  symptoms         =  marked  dyspnoea;  animal  lies  down  on  side;   no  con- 
vulsions. 

The  minimal  lethal  dose  of  the  albumin  was  found  to  be  0.01 
cc.  5  cc.  of  the  immune  serum  (170  and  397)  were  then  mixed 
with  0.01  cc.  of  the  crystalline  egg  albumin  solution  and  after 
two  hours  at  56°C.  the  clear  supernatant  fluid,  which  was  sepa- 
rated from  the  precipitate  by  centrifugation,  was  placed  in  the 
ice-box.  On  the  following  day,  no  further  precipitation  having 
taken  place,  the  fluid  was  compared  with  the  untreated  serum 
as  to  its  precipitin  titer  and  as  to  its  sensitizing  function. 

2  In  all  of  these  experiments  guinea-pigs  weighing  between  250  and  340  grams 
were  used. 
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The  results  of  the  comparative  precipitin  titration  are  pre- 
sented in  table  2  (series  1  and  2). 

It  is  seen  that  the  minimal  precipitating  quantity  of  the  egg 
albumin  was  about  twice  as  great  for  the  partially  neutralized 
immune  serum  as  it  was  for  the  untreated  serum. 

A  dose  of  0.4  cc.  of  the  supernatant  fluid  was  injected  into  each 
of  a  series  of  guinea-pigs  and  on  the  following  day  the  minimal 
lethal  dose  of  the  egg  albumin  solution  for  these  animals  was 
determined.     The  results  of  the  test  are  presented  in  table  3. 


Determination  of  the  minimal  anaphylactic  dose  of  egg-albumin  after  partial 
neutralization  of  precipitin  {in  vitro);  5  cc.  serum  {170 +397) -{-0.01  cc.  egg-albu- 
min after  two  hours  at  37°C.  centrifuged;  0.4  cc.  of  the  supernatant  fluid  is  used 
for  the  sensitization  of  each  animal 


GUINEA-PIG 

EGG-ALBUMIN,   INTRAVENOUSLY 

1 

CC. 

0.01 

2 

0.02 

3 

0.02 

4 

0.02 

5 

0.03 

Slight  symptoms 
Severe  symptoms 


It  is  seen  that,  in  harmony  with  the  precipitin  titrations,  the 
minimal  lethal  dose  of  the  egg  albumin  was  about  twice  as  great 
for  these  animals  as  it  was  for  guinea-pigs  sensitized  with  the 
same  amount  of  the  untreated  immune  serum. 

In  another  series  of  animals  the  foregoing  partial  neutraliza- 
tion of  the  immune  serum  was  carried  out  in  vivo  in  accordance 
with  Weil's  procedure. 

Each  animal  received  0.4  cc.  of  the  immune  serum^  and  on  the 
third  day  thereafter  each  received,  by  intraperitoneal  injection, 
0.008  cc.  of  the  egg  albumin  solution.  Twenty-four  hours  later 
the  minimal  lethal  dose  of  the  egg  albumin  was  determined  as 
usual  for  the  animals. 

The  results  of  the  test  are  shown  in  table  4. 

'  Throughout  this  study  the  passive  sensitization  was  effected  by  intraperi- 
toneal injection. 
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TABLE  4 
Determination  of  the  minimal  anaphylactic  dose  of  egg-albumin  after  partial  de- 
sensitization  of  passively  sensitized  guinea-pigs.     Sensitization:  with  0.4  cc.  of 
serum  170+397.     Partial  desensitization  on  the  third  day:  0.008  cc.  of  egg-albu- 
min intraperitoneally .     Test  on  the  fourth  day 


GUINEA-PIG 

EGG-ALBUMIN,  INTRAVENOUSLY 

RESULT 

1 

2 
3 
4 
5 

CC. 

0.04 

0.1 

0.1 

0.2 

0.2 

No  symptoms 
Severe  symptoms 
Very  severe  symptoms 
Very  severe  symptoms 

It  is  seen  that  the  lethal  dose  of  the  antigen  by  the  partial 
desensitization  method  of  Weil  is  relatively  the  same  as  it  is 
after  the  corresponding  partial  neutralization  in  vitro. 

In  a  further  series  of  animals  the  procedure  was  the  same  as 
that  of  the  preceding  partial  desensitization  experiment  except 
that  0.8  cc.  instead  of  0.4  cc.  of  the  immune  serum  were  used  for 
the  passive  sensitization. 

The  results  of  the  test  in  this  series  are  shown  in  table  5. 


Determination  of  the  minimal  anaphylactic  dose  of  egg-albumin  after  partial  desensi- 
tization of  passively  sensitized  guinea-pigs.  Sensitization:  with  0.8  cc.  of  serum 
170+397.  Desensitization  on  the  third  day:  0.008  cc.  of  egg-albumin  intraperi- 
toneally.    Test  on  the  fourth  day 


GUINEA-PIG 

EGG- ALBUMIN,  INTHAVENOUSLT 

RESULT 

1 

CC. 

0.1 

Moderate  symptoms 

2 

0.1 

Moderate  symptoms 

3 

0.1 

^ 

4 

0.1 

^ 

5 

0.2 

^ 

It  is  seen  that  the  animals  used  in  the  two  tests  presented  in 
tables  4  and  5  responded  too  irregularlj^  to  allow  a  satisfactory 
comparison  of  the  results  in  the  two  series  although,  on  the 
whole,  the  animals  of  table  5  appear  to  have  been  more  sensitive 
than  those  of  table  4. 
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For  the  reader's  convenience  the  results  of  the  foregoing  ana- 
phylaxis experiments  are  summarized  in  table  G. 


TABLE  6 

Summary  of  the  foregoing  experiments 

SENSITIZING  DOBE  SEBUM 

170  +  397 

NEUTRALIZINO  DOSE  EGG-ALBUMIN 

MINIMAL  ANAPHYLACTIC 
DOSE  OF 

In  vitro 

In  vivo 

EGO-ALBUMIN 

cc. 

cc. 

cc. 

CC. 

0.4 

0.01 

0.4 

0.0008 

0.02-0.03 

0.4 

0.008 

0.2-0.3 

0.8 

0.008 

0.1  -0.2 

In  table  2  are  summarized  the  parallel  experiments  in  partial 
neutralization  of  the  precipitin  in  vitro.  The  results  of  these 
latter  tests  show  that  the  minimal  precipitating  quantity  of  the 
antigen  increases  exactly  in  proportion  to  the  amount  of  the 
antigen  which  is  used  in  the  partial  neutralization. 

The  animal  and  test-tube  experiments  taken  together  indicate 
that,  whether  the  partial  neutralization  is  carried  out  in  the  test 
tube  or  in  the  guinea-pigs,  the  quantitative  relationship  between 
antigen  and  partly  neutralized  precipitin  is  the  same  m  vivo  and 
in  vitro. 

A  second  series  of  experiments  was  carried  out  with  the 
pooled  sera  of  two  rabbits  (425  and  426),  both  of  which  had 
received  three  intraperitoneal  injections  of  whole  egg  white  as 
follows:  On  the  first  day  5  cc;  on  the  fifth  and  tenth  days  10  cc. 
each  time.  The  rabbits  were  bled  on  the  seventeenth  day.  In 
a  preliminary  test  0.1  cc.  of  each  of  these  sera  had  been  found 
capable  of  fully  sensitizing  a  guinea-pig  of  about  325  grams 
weight.     Smaller  amounts  of  the  sera  were  not  tested. 

As  in  the  previous  experiments  we  first  determined  the  mini- 
mal anaphylactic  dose  of  the  crystalline  egg  albumin  solution 
for  guinea-pigs  highly  sensitized  with  the  immune  rabbits' 
serum;  that  is,  with  0.3  cc.  of  the  pooled  serum  425  and  426. 
The  results  of  this  determination  are  presented  in  table  7. 
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The  minimal  anaphylactic  dose  is  seen  to  have  been  a  little 
more  than  0.002  cc.  of  our  crystalline  albumin  solution. 

Three  further  series  of  animals  were  sensitized  each  with  0.3 
cc.  of  the  serum  425  and  426  and,  after  a  partial  desensitization 
with  the  egg  albumm  solution  in  amounts  differing  in  the  three 
series,  the  minimal  anaphylactic  dose  was  determined.  The 
results  of  this  experiment  are  shown  in  table  8-a,  b  and  c. 

Here  again  the  minimal  anaphylactic  dose  of  the  antigen 
increases  in  exact  proportion  to  the  increase  in  the  amount  of 
the  antigen  used  for  the  partial  desensitization  (0.00025:  0.0025:: 
0.035  :  0.35). 


Delermination  of  the  minimal  anaphylactic  dose  of  antigen  after  passive  sensitiza- 
tion with  the  untreated  immune  rabbits'  serum.  Sensitization:  with  0.3  cc.  of  the 
pooled  serum  (425+426) 


GUINEA-PIG 


EGG-ALBDMIN,  INTRAVENOUSLY 

RESULT 

CC. 

0.00075 

0.0015 

0.002 

0.002 

0.005 

No  symptoms 
Mild  symptoms 
Severe  symptoms 

It  is  seen  that  the  injection  of  0.01  cc.  of  our  solution  of  crys- 
talline egg  albumin  completely  desensitized  the  animals.  This 
result  is  in  quantitative  disagreement  with  those  of  Weil.^  For 
although  Weil's  animals  w^ere  sensitized  with  approximately 
the  same  amount  of  precipitating  serum  as  ours  (0.2  to  0.4  cc.) 
and  although  they  were  equally  sensitive  to  the  antigen  (0.001 
cc.  of  Weil's  5  per  cent  solution  as  compared  with  0.002  cc.  of 
our  3  per  cent  solution)  they  were  only  partially  desensitized 
with  0.01  cc.  and  0.04  cc.  of  the  5  per  cent  solution  of  the  anti- 
gen. Our  five  animals  were  all  completely  desensitized  with 
0.01  cc.  of  a  3  per  cent  solution  of  the  antigen. 

With  the  serum  mixture  425-426  partial  neutralization  in  vitro 
was  carried  out  exactly  as  in  the  experiments  with  serum  mix- 
ture 170-397. 


^  See  Weil's  table  18. 
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The  results  of  this  expemnent  are  presented  in  table  9. 

It  appears  from  these  tests  that  after  the  immune  serum 
425-426  had  been  partially  neutralized  with  0.0025  cc.  of  the 
antigen  the  minimal  precipitating  dose  of  the  antigen  was  about 
ten  times  as  great  as  it  was  after  a  partial  neutralization  with 


Delcrminntion  of  the  viinimal  anaphylactic  dose  of  antigen  after  partial  desensiti- 
zation  {in  vivo) 


GUIN'EA-PIG 


EGG-ALBUMIN,  INTRAVENOUSLY 


Sensitization:  with  0.3  cc.  of  serum  (425+426).     Partial  desensitization  on  the 
third  day  with  crystalline  egg-albumin,  0.00025  cc.  intraperitoneally. 


cc. 

1 

0.0133 

Slight  symptoms 

2 

0.02 

Severe  symptoms 

3 

0.025 

Slight  symptoms 

4 

0.03 

Severe  symptoms 

5 

0.035 

^ 

b.  Sensitization:  with  0.3  cc.  of  serum  (425+426).     Partial  desensitization  on  the 
third  day  with  crystalline  egg-albumin,  0.0025  cc.  intraperitoneally. 


1 

0.2 

Slight  symptoms 

2 

0.3 

Mild  symptoms 

3 

0.3 

^ 

4 

0.35 

^ 

5 

0.35 

^ 

Sensitization:  with  0.3  cc.  of  serum  (425+426).     Desensitization  on  the  third 
day  with  crystalline  egg-albumin;  0.01  cc.  intraperitoneally. 


1 

1.0 

No  symptoms 

2 

1.0 

No  symptoms 

3 

2.0 

No  symptoms 

4 

2.0 

No  symptoms 

5 

2.0 

No  symptoms 

0.00025  cc.  of  the  antigen.  Corresponding  with  the  animal 
experiment,  0.01  cc.  of  the  antigen  completely  neutralized  the 
precipitin  m  0.3  cc.  of  the  immune  serum. 

The  results  of  the  parallel  tests  with  the  method  of  comple- 
ment fixation  were  in  satisfactory  agreement  with  those  of  the 
precipitin  tests. 
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One  quantitative  discrepancy  is  apparent  between  the  results 
of  the  animal  expermient  and  those  of  the  test  tube  experiment. 
The  ratio  between  the  normal  minimal  anaphylactic  dose  of  the 
antigen  (0.002  cc.)  and  that  after  partial  desensitization  with 
0.00025  cc.  of  the  egg  albumin  solution  (0.035  cc.)  is  not  the 
same  as  the  ratio  between  the  normal  minimal  precipitating 
dose  of  the  antigen  (0.000002  cc.)  and  that  after  partial  neutral- 
ization in  vitro  with  0.00025  cc.  (0.00001  cc). 

This  discrepancy  could  be  largely  explained  by  a  retest  of  the 
immune  serum  on  the  seventh  day  after  it  had  been  obtained 
from  the  rabbits.  At  this  retest  it  was  found  that  the  minimal 
anaphylactic  dose  of  the  antigen  for  guinea-pigs  passively  sen- 
sitized with  0.3  cc.  of  the  immune  serum  had  increased  to  at 
least  0.005  cc.^  A  retest  of  immune  serum  170-397  after  it  had 
been  kept  for  one  month  in  the  ice-box  showed  a  similar  increase 
in  the  minimal  anaphylactic  dose  of  the  antigen;  that  is  from 
0.01  cc.  to  0.02  cc. 

As  the  desensitization  experiments  had  been  carried  out  on 
the  fifth  or  sixth  days  after  the  serum  had  been  drawn,  it  is  likely 
that  the  minimal  anaph3dactic  dose  of  antigen  had  already 
increased. 

The  experiments  with  horse  serimi  pseudoglobulin  were 
carried  out  with  the  pooled  sera  of  two  rabbits  (322  and  388) 
which  had  received  two  intraperitoneal  injections  of  pseudoglob- 
ulin as  follows:  first  day  1  cc;  fifth  day  5  cc.  The  rabbits  were 
bled  seven  days  after  the  second  injection. 

The  minimal  sensitizing  dose  of  the  pooled  sera  was  foimd 
to  be  0.8  cc.  The  minimal  anaphylactic  dose  of  the  antigen 
for  guinea-pigs  that  had  been  sensitized  with  four  doses  of  the 
pooled  immune  sera  322-388  was  found,  as  is  seen  in  table  10, 
to  be  0.02  cc 

In  two  series  of  animals  we  studied  the  effect  of  partial  neu- 
tralization of  the  precipitin  on  the  minimal  anaphylactic  dose  of 
antigen.  In  the  first  series  of  animals  the  partial  neutralization 
was  carried  out  in  the  test  tube  and  the  supernatant  fluid  ob- 

^0.004  cc.  produced  only  slight  symptoms;  0.005  cc.  killed  the  only  animal 
tested. 
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tained  after  the  partial  precipitation  was  tested  with  the  ana- 
phylaxis reaction  and  also  with  the  precipitin  reaction  and  the 
complement  fixation  method  in  vitro. 


Determination  of  the  viinimal  ana-phylactic  dose  of  pseiidoglobulin  after  passive 
sensitization.     Sensiiization:  with  3.2  cc.  of  serum  322+888. 


GUINEA-PIG 

PSEUDOGLOBULIN  OF  HOHSE 
SERUM    INTRA VENODSLY    INJECTED 

RESULT 

1 

2 
3 

0.01 

0.015 

0.02 

Very  severe  symptom.s 
Very  severe  symptoms 

The  results  of  these  parallel  tests  are  presented  in  tables  11 
and  13. 

TABLE  11 

Determination  of  the  minimal  anaphylactic  dose  of  antigen  after  partial  neutrali- 
zation of  the  precipitin  (in  vitro).  18  cc.  serum  (322 +388) +0.4  cc.  pseudoglobu- 
lin  (1-56).  After  two  hours  in  the  incubator  and  twenty  hours  at  room  tem- 
perature, the  mixture  was  centrifuged  and  the  supernatant  fluid  was  used  for 
sensitization.  3.2  cc.  of  the  fluid  was  injected  intraperitoneally  into  each  animal. 
The  tests  were  made  on  the  following  day 


GUINEA-PIG 

PSEUDOGLOBULIN  OP  HORSE 
SERUM, INTRAVENOUSLY 

RESULT 

1 

2 
3 

4 
5 

CC. 

0.05 

0.1 

0.1 

0.15 

0.15 

Very  slight  symptoms 
Severe  symptoms 
Death  (delayed  shock) 

TABLE  12 

Determination  of  the  minimal  anaphylactic  dose  after  partial  desensitization.  Sen- 
sitization: with  3.2  cc.  of  serum  322+388.  Partial  desensitization:  on  the  third 
day  with  0.284  cc.  of  pseiidoglobulin  (1-112),  intraperitoneally . 


GUINEA-PIG 

PSEUDOGLOBULIN  OF  HORSE 
SERUM,  INTRAVENOUSLY 

RESULT 

1 

2 
3 
4 
5 

0.2 
0.3 
0.3 
0.4 

0.4 

Moderate  symptoms 
Moderate  symptoms 
Moderate  symptoms 
Very  severe  symptoms 
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It  is  seen  that  the  minimal  anaphylactic  dose  of  the  antigen 
was  increased  by  the  partial  neutralization  about  7|  fold,  while 
the  minimal  precipitating  amount  of  the  antigen  was  increased 
apparently  about  10  fold.  This  slight  discrepancy  is,  no  doubt, 
due  to  the  inherent  inaccuracy  in  the  precipitation  method. 

In  another  series  of  animals  which  had  been  passively  sensi- 
tized with  the  untreated  serum  mixture  322-388,  the  effect  of 
partial  desensitization  on  the  minimal  anaphylactic  dose  of  the 
antigen  was  determined. 

The  results  of  this  determination  are  presented  in  table  12. 

The  amount  of  antigen  used  for  the  partial  desensitization 
was  relatively  twice  that  used  for  the  preceding  partial  neutral- 
ization experiment. 

It  is  seen  that  in  this  experiment  the  minimal  anaphylactic 
dose  of  the  antigen  was  somewhat  more  than  twice  that  after 
the  partial  neutralization  experiment.  This  apparent  dis- 
crepancy can  be  explained  in  the  same  way  as  those  previously 
noted.  In  this  instance  the  immune  serum  was  four  days  old 
at  the  time  of  the  test-tube  experiment  and  seven  days  old  at 
the  time  of  the  desensitization  experiment,  at  which  time, 
therefore,  the  minimal  anaphylactic  dose  of  the  antigen  had 
increased  for  the  untreated  immune  serum. 

All  of  the  experiments  that  have  been  described  above  point 
to  the  conclusion  that  precipitin  remains  unaltered  quantita- 
tively and  qualitatively  in  the  guinea-pig  for  several  days  and 
that  it  reacts  in  the  animal  body  with  its  antigen  in  exactly  the 
same  manner  as  it  does  in  the  test  tube.  Furthermore,  the 
experiments  offer  additional  evidence  pointing  to  the  identity 
of  precipitating  and  sensitizing  antibody. 

II.    ON   ANTISENSITIZATION 

A  condition  of  resistance  to  passive  sensitization  with  a  heterol- 
ogous immune  serum  was  observed  by  Richard  Weil  to  result 
from  the  previous  injection  of  the  normal  heterologous  serum 
and  this  condition  was  designated  by  Weil  as  ''antisensitization." 
The  following  facts  were  adduced  by  Weil  regarding  the  phe- 
nomenon : 
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1.  The  previous  injection  of  rabbit's  serum  obstructs  the 
passive  sensitization  with  rabbit's  immune  serum  but  not  with 
a  homologous  (guinea-pig's)  immune  serum. 

2.  The  interference  is  estabhshed  after  an  incubation  period, 
which  is  longer  (eight  days)  after  small  injections  (0.1  to  0.5 
cc.  repeated)  than  after  large  injections  (1  to  8  cc);  that  is,  four 
days. 

3.  The  duration  of  the  normal  period  of  heterologous  passive 
sensitization  in  guinea-pigs  is  six  days.  If  the  guinea-pigs  have 
received  0.1  cc.  of  normal  rabbit's  serum  two  to  eight  days 
previously,  the  period  of  passive  sensitization  with  heterologous 
serum  is  shortened  to  barely  five  days.  This  period  may  be 
shortened,  also,  by  the  injection  of  0.6  cc.  of  normal  rabbit's 
sermn  made  on  the  day  following  the  passively  sensitizing 
injection. 

4.  The  refractory  condition  of  "  antisensitization"  persists  for 
at  least  sixty-eight  days. 

5.  Active  sensitization  is  unaffected  by  the  injection  of  large 
amounts  of  normal  rabbit's  serum. 

Weil  believed  the  condition  of  antisensitization  to  be  due  to 
the  interference  of  antibodies  and  he  supported  this  belief  with 
the  demonstration  of  an  obstructive  action  on  the  part  of  the 
serum  of  guinea-pigs  that  had  been  immunized  with  normal 
rabbit's  serum.  This  view  of  Weil  was  apparently  contradicted 
by  his  own  observation  that  the  resistance  of  antisensitization 
is  not  specific;  it  could  be  induced  by  the  previous  injection  of 
the  serum  of  the  sheep  and  the  dog  or  that  of  man. 

Weil  met  this  difficulty  by  demonstrating  that  guinea-pigs 
sensitized  to  rabbit's  serum  are  actually  hypersensitive  to  large 
injections  of  the  three  apparently  unrelated  sera;  that  is,  to 
sheep's  serum,  dog's  serum  and  human  serum. 

As  it  has  been  pointed  out  elsewhere  (2),  this  observation  of 
Weil  is  in  disagreement  with  those  of  Ehrlich  and  Sachs,  who 
reported  that  their  so-called  antiamboceptor  was  specific. 

It  may  be  remarked  that  if  Weil's  explanation  of  the  apparent 
non-specificity  of  his  anti-antibodies  is  to  be  accepted  it  must  be 
upon   the   assumption   that   the   sensitizing   antibodies   of   the 
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immune  rabbit's  serum  are  identical,  in  their  antigenic  spec- 
ificity, with  the  common  partial  antigens  of  the  three  non- 
related  sera,  an  astonishing  coincidence. 

If,  as  Weil  believed,  the  phenomenon  of  antisensitization  is 
due  to  the  action  of  anti-antibodies,  it  should  be  possible  to 
demonstrate  a  corresponding  interference  with  passive  sensi- 
tization when  the  immune  serum,  previous  to  its  injection,  is 
mixed  with  an  anti-immune  serum.  Moreover,  it  should  be 
possible  to  show  that  this  interference  is  actually  due  to  the 
specific  precipitation  ("neutralization")  of  the  sensitizing 
antibodies. 

With  the  purpose  of  applying  this  test  to  W^eil's  theory  of  the 
mechanism  of  antisensitization,  we  have  carried  out  the  suc- 
ceeding experiments.  On  April  2,  7  and  12,  three  normal  guinea- 
pigs  received  intraperitoneal  injections  of  0.5  cc,  1  cc.  and  1 
cc.  respectively  of  the  serum  of  a  rabbit  that  had  been  highly 
immunized  with  egg  albumin.  On  April  18  these  three  animals 
were  bled  to  death  and  the  sera  obtained  from  the  defibrinated 
blood  were  pooled.  The  mixed  serum  was  tested,  as  to  its 
precipitating  power,  with  rabbit's  serum.  The  result  of  this 
test  is  shown  in  table  14. 


TABLE  14 

Deiermi nation,  of  the  precipitation  titer  of  the  pooled  immune  guinea-pig'  serum 


IMMUNE  GTTINEA-PIO'S 

CUBIC  CENTIMETERS  OF  RABBIT  SERUM 

0.1 

0.05 

0.03 

0.01 

0.005 

0.0025 

0.001 

1.0005 

0.1 

Cloudy 

Cloudy 

+  +  + 

+++ 

+  + 

+ 

± 

- 

With  the  mixed  immune  guinea-pigs'  serum  the  '"'curative 
experiment"  of  Weil  (3)  was  carried  out  as  follows:  on  April  18 
three  normal  guinea-pigs  received,  by  intraperitoneal  injection, 
0.3  cc.  each  of  the  serum  of  rabbit  440.  (This  rabbit  had  been 
injected  a  number  of  times  with  egg  white;  the  minimal  sensitiz- 
ing dose  of  its  serum  was  0.1  cc.)  On  April  19  each  of  the  three 
passive^  sensitized  guinea-pigs  was  given  2  cc.  of  the  pooled 
immune  guinea-pigs'  serum  by  intravenous  injection  and  two 
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days  later  the  three  animals  were  tested  as  to  their  hypersensi- 
tiveness  to  egg-albumin  by  intravenous  injection.  Two  ani- 
mals responded  with  very  slight  sjanptoms  to  injections  of  1.0 
CO.  and  0.4  cc.  respectively  of  the  undiluted  egg  albumin  solu- 
tion;«  the  third  animal  died  with  the  typical  symptoms  and 
anatomical  changes  of  anaphylactic  shock,  after  an  injection  of 
0.6  cc.  of  the  egg-albumin  solution.  The  inflation  of  the  lungs  in 
this  animal  was  not  maximal. 

This  result  confirms  in  a  general  way  that  obtained  by  Weil 
in  the  single  animal  employed  in  his  experiment.  It  reveals, 
however,  an  irregularity  in  the  "curative"  action  of  the  immune 
guinea-pigs'  serum,  which  had  escaped  Weil  and  which  is  diffi- 
cult to  harmonize  with  Weil's  view  of  the  mechanism  of  anti- 
sensitization. 

It  is  difficult,  in  other  words,  to  explain  why,  notwithstanding 
the  identical  treatment  of  the  three  guinea-pigs,  the  ''anti- 
antibodies"  of  the  immune  guinea-pigs'  serum  should  have 
"neutralized"  the  antibodies  of  the  sensitizing  rabbit's  sermn  in 
two  animals  but  not  in  the  third. 

Having  demonstrated  the  "  antisensitizing"  action  of  the 
mixed  anti-rabbit  guinea-pigs'  serum  with  the  technic  of  Weil's 
curative  experiment,  we  were  in  position  to  examine  the  mecha- 
nism of  that  action  with  the  test  tube  experiments.  If,  as  Weil 
believed,  the  phenomenon  of  antisensitization  is  due  to  a  specific 
interference  by  anti-antibodies,  then  it  must  be  possible  to  pre- 
cipitate the  sensitizing  antibodies  from  immune  rabbit's  serum 
by  mixing  the  latter  with  the  anti-rabbit  guinea-pigs'  serum 
in  vitro;  the  antibodies  of  the  rabbit's  serum  should  be  found  to 
enter  into  the  resulting  specific  precipitate  as  indicated  by  their 
absence  in  the  supernatant  fluid  obtained  by  centrifugation. 

On  April  21,  12  cc.  of  the  pooled  anti-rabbit  guinea-pigs' 
serum  were  mixed  with  1.8  cc.  of  the  anti-egg  albumin  serum  of 
rabbit  440.  This  mixture  was  kept  for  one  hour  at  37 °C.  and 
then    overnight    in    the    ice-box.     The  precipitate  which  had 

^  The  minimal  lethal  dose  of  this  solution  for  guinea-pigs  sensitized  with  three 
doses  of  anti-egg  albumin  immune  rabbit's  serum  had  been  found  to  be  not  more 
than  0.003  cc. 
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formed  was  removed  by  rapid  prolonged  centrifugation  and  the 
clear  supernatant  fluid  was  examined:  (1)  As  to  its  content  of 
rabbit's  serum  proteins;  (2)  as  to  its  power  passively  to  sensi- 
tize against  egg  albumin;  (3)  as  to  its  content  of  anti-egg  albu- 
min precipitins. 

The  examination  for  the  presence  of  rabbit's  serum  proteins 
was  made  on  April  22  by  mixing  0.4,  0.2,  0.1,  0.05  and  0.025  cc. 
of  the  supernatant  fluid  with  0.1  cc.  of  the  pooled  anti-rabbit 
guinea-pigs'  serum.  In  none  of  these  mixtures  had  any  precip- 
itation taken  place  after  they  had  stood  overnight.  All  of  the 
rabbit's  serum  protein  that  was  precipitable  with  the  anti-rabbit 
guinea-pigs'  serum  had  been  removed. 

In  examining  the  supernatant  fluid  as  to  its  power  passively 
to  sensitize  against  egg  albumin,  account  had  to  be  taken  of  the 
dilution  of  the  rabbit's  immune  serum  (approximately  1-8)  that 
had  occurred  as  a  result  of  mixing  it  with  the  guinea-pigs'  immune 
serum. 

On  April  22  a  series  of  normal  guinea-pigs  were  given  intra- 
peritoneal injections  of  0.8  cc.  or  1.6  cc.  or  2.3  cc.  of  the  super- 
natant fluid;  that  is,  amounts  of  the  mixture  representing  1,  2 
and  3  minimal  sensitizing  doses  of  the  immune  rabbit's  serum. 
On  the  following  day  the  animals  were  tested  with  the  intra- 
venous injection  of  not  less  than  33  lethal  doses  of  the  egg 
albumin  solution.  The  results  of  this  test  are  presented  in 
table  15. 

TABLE  15 
"Aidisensiiization"  in  vitro 


GUINEA-PIG 

AMOUNT  OF  THE 

SUPERNATANT  FLUID 

USED   FOR 

SENSITIZATION 

AMOUNT  OF 

EGG-ALBUMIN  USED  FOR 

TEST-INJECTION 

RESULT 

1 

OS 

0.4 

No  symptoms 

2 

1.6 

0.4 

Slight  symptoms 

3 

2.3 

0.4 

^ 

4 

2.3 

0.4 

^ 

5 

2.3 

0.2 

Slight  sj-mptoms 

6 

2.3 

0.1 

Slight  symptoms 
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These  results  are  susceptible  of  the  interpretation  that  the 
effect  of  the  anti-rabbit  guinea-pigs'  serum  had  been  to  increase 
threefold  the  sensitizing  dose  of  the  immune  rabbit's  serum  and 
also  to  increase  by  more  than  66  fold  the  killing  dose  of  the  egg 
albumin  for  the  passively  sensitized  guinea-pigs.  However,  in 
view  of  the  outcome  of  our  ''curative"  experiment,  it  seems  at 
least  possible  that  in  the  test  tube  experiment  we  have  encoun- 
tered the  same  irregularity  of  action  that  we  observed  in  the 
curative  experiment ;  that  is,  it  is  possible  that  guinea-pigs  num- 
ber 5  and  6  would  not  have  been  killed  with  even  0.4  cc.  of  the 
egg  albumin  solution. 

In  any  case,  if  Weil's  hypothesis  were  correct  it  must  have 
been  possible  to  demonstrate,  in  the  supernatant  fluid,  a  change 
in  the  precipitating  action  against  egg  albumin  corresponding 
with  the  change  in  the  sensitizing  action.  In  accordance  with 
the  results  of  our  experiments  in  the  partial  neutralization  of 
precipitin  in  vitro  it  could  be  expected  that  the  change  in  the 
present  instance  would  consist  in  an  increase  of  at  least  66  fold 
in  the  minimal  precipitating  amount  of  the  egg  albumin.  How- 
ever, the  examination  of  the  supernatant  fluid  in  this  respect 
showed  no  such  change.  Indeed,  as  the  protocol  of  the  compara- 
tive titration  presented  in  table  16  shows,  precipitation  titer  of 
the  fluid  corresponded  exactly  with  that  of  the  untreated  rabbit's 
immune  serum. 

TABLE  16 

Showing  the  comparative  precipitation  titer  of  the  supernatant  fluid  and  the  original 
anti  egg  while  rabbit's  serum 


CUBIC  CENTIMETERS  OP  EGG- ALBUMIN 

0.002 

0.0001 

0.00002 

0.00001 

Supernatant  fluid  in  each  tube,  0.4  cc 

Control  (serum  140)  in  each  tube,  0.05  cc .  .  . 

+  +  + 
+  +  + 

++ 
++ 

+  (  +  ) 
+  (  +  ) 

+ 
+ 

The  experiment  just  concluded  demonstrates  that  the  phenom- 
enon of  the  anti-sensitization  is  not  due  to  the  interference  of 
"anti-antibodies;"  the  power  of  the  rabbit's  precipitin  of  re- 
acting with  egg  albumin  was  not  perceptibly  altered  by  contact 
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with  the  ''anti-sensitizing"  immune  guinea-pigs'  serum.  Fur- 
thermore, the  irregularity  of  the  action  of  the  anti-sensitizing 
guinea-pigs'  serum  suggests  a  non-specificity  of  that  action  which 
is  in  harmony  with  the  observation  of  Weil  that  the  active  form 
of  the  anti-sensitization  can  be  induced  by  the  previous  injection 
of  heterologous  sera. 

III.    EXPERIMENTS  WITH  SPECIFIC  PRECIPITATES 

In  one  of  his  studies  in  anaphylaxis  (4)  Weil  attempted  to 
demonstrate  directly  the  identity  of  precipitin  and  sensitizing 
antibody  ("sensitizin").  Weil's  procedure  was  to  inject  washed 
specific  precipitates  into  guinea-pigs  and  to  test  the  injected 
animals,  after  a  proper  interval  of  time,  as  to  the  development 
of  passive  sensitization. 

In  such  experiments  Weil  was  usually  successful,  though  in 
some  instances  the  precipitate  failed  to  sensitize  the  normal 
animals. 

Our  experiences  with  the  partial  neutralization  of  precipitin 
in  vitro  and  in  tnvo  made  it  seem  unlikely  that  the  combination 
of  protein  and  precipitin  would  be  more  dissociable  in  the  ani- 
mal's body  after  the  test-tube  reaction  than  after  the  reaction 
that  occurs  in  vitro. 

We  have,  therefore,  employed  Weil's  technic  in  an  effort  to 
duplicate  his  results.  According  to  the  procedure  in  his  first 
experiment  a  constant  amount  of  the  precipitating  serum — 1.5  cc. 
— ^was  mixed  with  different  quantities  of  the  antigen,  crystalline 
egg  albumin,  and  after  an  incubation  of  one  hour  at  37°C.  and 
forty-eight  hours  in  the  ice-box,  the  mixtures  were  centrifugated 
and  the  precipitate  was  twice  washed  with  2  cc.  of  sterile  saline 
solution.  The  whole  of  the  washed  precipitate  from  each  mix- 
kire  was  injected  intraperitoneal! y  into  a  normal  guinea-pig. 
Three  days  later  each  of  the  injected  guinea-pigs  was  given  a 
test  injection  of  the  egg  albumin  intravenously.  None  of  the 
animals  exhibited  any  symptoms  of  anaphylactic  shock.  Fur- 
ther details  of  this  experiment  are  presented  in  table  17. 
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TABLE  17 
Attempted  passive  sensitization  with  washed  precipitates 


SERUM 

322  +  388 
(minimal  sen- 
sitizing DOSE 
0.1  cc.) 

EGG-.\.I-BUMIN 

PRECIPITATE 

WASHED 
PRECIPIT.A.TE 

INJECTED  INTO 
GUINEA-PIG 

ON  THIRD  DAY 

EGG- ALBUMIN 
INTRAVE- 
NOUSLY ON 
SIXTH    DAY 

RESULT 

1.5 
1.5 
1.5 

CC. 

0.001 
0.005 
0.02 

+ 

+  +  + 

+  +  +  + 

1 

3 

CC. 

1.0 
1.0 
0.6 

No  symptoms 
No  symptoms 
No  symptoms 

This  experiment  was  repeated  with  the  sera  of  two  rabbits 
that  had  been  immunized  with  egg  white.  The  results  of  these 
experiments  are  presented  in  table  18. 


Attempted  passive  sensitization  with  washed  specific  precipitates 
Experiment  II.     s'  >  Immune  serum  v.  egg  white 


SERUM  440 

MINIMAL 

(SENSITIZING 

DOSE)  0.1  CC. 

egg- 

ALBCMIN 

PRECIPITATE 

WASHED 

PRECIPITATE 

INJECTED 

INTRAPERI- 

TONEALLY 

INTO 

GUINEA-PIG 

ON  THIRD 

DAY 

EGG- 
ALBUMIN 
INTRAVE- 
NOUSLY ON 
SIXTH  DAY 

1 

RESULT 

Series  a       -j 

CC. 

1.5 
1.5 
1.5 

CC. 

0.001 
0.005 
0.02 

0.02 
0.04 

0.001 
0.005 
0.02 

+ 

+  +  +  +  + 

+  +  +  + 

+  +  +  + 

+ 

+  +  +  +  + 

+  +  +  + 

1 

2 
3 

4 
5 

6 

7 
8 

•C. 

0.5 
0.5 
0.5 

0.5 
0.5 

0.5 
0.5 
0.5 

No  symptoms 
No  symptoms 
Moderate 
symptoms 

SERUM  440 

Series  b       < 

1.5 
1.5 

No  symptoms 
No  symptoms 

SERUM  419 
MINIMAL 

(SENSITIZING 
dose)  0.1  CC. 

Series  c       \ 

1.5 
1.5 
1.5 

No  symptoms 
No  symptoms 
No  symptoms 

It  is  seen  that  a  moderate  sensitization  was  attained  in  only 
one  animal  and  that  when  that  test  was  repeated  with  the  pre- 
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cipitate  from  an  identical  mixture  (series  B)  not  the  least  sen- 
sitization resulted.  Thus,  it  appears  that  although  our  one 
animal  may  be  looked  upon  as  confirming  Weil's  observation  of 
the  passively  sensitizing  property  of  specific  precipitates,  the 
exhibition  of  that  property  is  the  exception  rather  than  the  rule. 

The  negative  results  appear  the  more  striking  when  it  is  re- 
called that  the  precipitates  were  obtained  from  ten  sensitizing 
amounts  of  the  immune  serum. 

In  the  study  of  antibodies  of  various  kinds,  numerous  efforts 
have  been  made  to  separate  these  from  the  serum  proteins  of  the 
immune  serum  containing  those  bodies.  Such  studies  have  had 
either  a  practical  end  in  view  or  they  have  sought  information 
as  to  the  chemical  nature  of  the  antibodies. 

For  technical  reasons  these  efforts  have  been  made  with  anti- 
bodies against  formed  antigens  such  as  bacteria  and  blood  cor- 
puscles and  the  procedure  has  consisted  in  the  absorption  of  the 
antibodies  out  of  the  immune  serum  with  the  antigenic  elements 
followed  by  an  extraction  of  the  antigen-antibody  combination 
wdth  various  substances  at  various  temperatures.  In  the  extrac- 
tion fluid  nearly  all  of  the  experimenters  have  demonstrated  only 
the  antibodies.  Weil,  alone,  reported  that  he  found  antigen  but 
no  precipitating  antibody  in  his  ''extracts."  Weil  mixed  horse 
serum  with  the  anti-horse  serum  of  an  immune  rabbit  and,  fol- 
lowing Chickering,  he  extracted  the  resulting  precipitate  with  1 
per  cent  sodium  carbonate.  The  extract,  when  mixed  with  0.01 
cc.  of  horse  serum,  remained  clear,  but  when  mixed  with  0.5  cc. 
of  the  anti-horse  serum,  it  formed  a  precipitate.  This  unique 
result  was  complicated  by  the  successful  passive  sensitization  of 
normal  guinea-pigs,  which  Weil  produced  with  the  same  extracts 
in  which  he  could  find  no  precipitin. 

Weil  explained  this  paradoxical  outcome  with  the  assumption 
of  a  haptophore  or  sensitizing  group  and  an  ergophore  or  pre- 
cipitating group  in  the  precipitin  molecule. 

We  have  investigated  this  phenomenon  with  an  anti-egg  white 
rabbit's  serum.  We  mixed  the  serum  with  crystalline  egg- 
albumin  and  dissolved  the  resulting  precipitate,  obtained  by  cen- 
trifugation  and  decantation  of  the  supernatant  fluid,  in  2  cc.  of 
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1  per  cent  sodium  carbonate.  In  confirmation  of  Weil's  obser- 
vation it  was  found  that  the  addition  of  0.5  cc.  of  rabbit's  immune 
serum  did  produce  a  precipitate  when  mixed  with  a  certain 
amount  of  the  carbonate  solution  of  the  precipitate.  However, 
this  effect  was  shown  not  to  be  specific  because  an  equal  degree 
of  precipitation  could  be  produced  in  the  carbonate  solution  of 
the  precipitate  with  0.5  cc.  of  a  normal  serum  or  by  simply  neu- 
tralizing the  extract.  The  phenomenon  thus  represented  merely 
a  reprecipitation  of  a  dissolved  precipitate  and  not  the  specific 
precipitation  of  free  antigen,  as  Weil  thought. 

SUMMARY 

1.  Experiments  are  presented  which  demonstrate  that  pre- 
cipitin remains  unaltered  quantitatively  and  qualitatively  in  the 
gumea-pig  for  several  days  and  that  it  reacts  in  the  animal  body 
with  its  antigen  in  exactly  the  same  manner  as  it  does  in  the 
test  tube.  The  experiments  furnish  further  evidence  that  pre- 
cipitin and  ''sensitizin"  are  identical. 

2.  The  phenomenon  of  "  anti-sensitization"  (Weil)  is  not  due 
to  the  action  of  anti-antibodies.  It  is  a  non-specific  effect  the 
nature  of  which  is  obscure. 

3.  Passive  sensitization  with  washed  specific  precipitates  has 
generally  failed  in  our  hands. 

4.  The  sodium  carbonate  extract  or  solution  of  specific  pre- 
cipitates do  not  contain  free  antigen  but  represents  the  whole 
precipitate  in  solution. 
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The  question  as  to  the  site  of  the  specific  protein-antiprotein 
reaction  that  is  the  original  cause  of  the  symptoms  of  anaphy- 
laxis may  be  considered  settled  beyond  reasonable  doubt.  The 
final  acceptance  of  the  "cellular  theory"  of  anaphylaxis  has  been 
forced  by  unequivocal  evidence  in  the  case  of  the  guinea-pig 
as  well  as  of  the  dog.  A  detailed  analysis  of  this  evidence  is 
in  press  elsewhere  (1). 

One  of  the  arguments  supporting  the  cellular  theory  was 
gained  with  the  use  of  the  process  of  perfusion,  the  purpose  of 
which  was  to  show  that  a  once  established  hypersensitiveness 
persists  after  the  blood  contained  in  the  vessels  has  been  dis- 
placed with  normal  blood  or  saline  solution. 

To  this  end  the  perfusions  have  been  conducted  upon  the 
living  animal,  either  by  means  of  the  operation  of  direct  trans- 
fusion, as  in  the  pioneer  experiments  of  Manwaring  (2)  and  in 
the  later  ones  of  Pearce  and  Eisenbrey  (3),  or  as  in  the  writer's 
(4)  experiments,  by  the  infusion  of  defibrinated  normal  blood; 
the  same  object  was  sought  by  Dale  (5)  and  by  Manwaring  and 
Kusama  (6)  with  the  perfusion  of  the  isolated  organs  of  sen- 
sitized animals. 

The  result  of  all  of  these  experiments  has  been  the  same;  the 
characteristic  reaction  of  anaphylaxis  has  always  been  obtainable 
after  the  perfusion,  however  long  the  process  has  been  continued. 
Nevertheless,  these  results  have  not  been  accepted  by  all  as 

1  This  research  was  supported  by  a  fund  contributed  by  the  writer's  friend, 
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evidence  of  the  cellular  site  of  the  anaphylaxis  reaction  on  account 
of  the  lack  of  proof  that  every  trace  of  blood  is  removable  from 
the  vessels  with  the  procedure  of  perfusion.  This  doubt  has 
been  verified,  in  the  case  of  the  perfusion  of  isolated  organs,  by 
the  recent  experiments  of  Larson  and  Bell  (7). 

These  investigators  have  found  that  if  the  perfusion  of  organs 
is  interrupted,  after  the  last  traces  of  blood  have  disappeared 
in  the  fluid  issuing  from  the  organs,  corpuscles  and  albumin 
reappear  in  the  emerging  fluid  when  the  perfusion  is  resumed. 
The  explanation  of  this  phenomenon  was  drawn  by  Larson  and 
Bell  from  further  experiments,  in  which  organs  were  perfused  with 
fluid  containing  India  ink.  After  thorough  perfusion  with  such 
fluid,  only  limited  portions  of  the  organs  were  found  to  be  black- 
ened by  the  deposit  of  the  ink  particles  in  the  phagocytic,  fixed 
cells  of  those  portions.  The  authors'  explanation  is  that  the 
perfusion  fluid  passed  through  only  the  blackened  areas,  which 
soon  become  free  of  blood.  If  "the  perfusion  is  discontinued 
blood  from  the  adjacent  areas  of  (organ)  tissue  diffuses  into  the 
main  path  of  the  fluid.  Hence,  at  each  renewal  of  the  perfusion 
after  a  pause,  blood  and  albumin  reappear." 

The  authors  conclude  that  the  "technic  (of  perfusion)  does 
not  therefore  remove  circulating  antibodies  completely,  as  has 
been  assumed,  and  this  type  of  experiment  does  not  establish 
the  presence  of  cellular  antibodies." 

These  conclusions  seem  clearly  to  apply  to  the  perfusion  ex- 
periment as  carried  out  with  isolated  organs,  especially  when 
the  conditions  of  the  experiment  demand  the  complete  removal 
of  the  blood  by  the  perfusion.  However,  no  evidence  is  pre- 
sented by  Larson  and  Bell  to  show  the  applicability  of  their 
conclusions  to  the  perfusion  experiment  as  conducted  with  the 
living  animal. 

In  the  writer's  experiments  with  sensitized  guinea-pigs  it  was 
not  necessary  for  his  purpose  to  displace  all  of  the  blood  in  the 
animal's  body,  but  only  so  much  as  to  leave  less  than  a  single 
minimal  sensitizing  quantity  and  according  to  his  calculations 
this  requirement  was  amply  fulfilled.  In  the  light  of  the  experi- 
ments of  Larson  and  Bell,  it  seems  necessary,  now,  to  see  whether, 
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in  the  perfusion  experiment  with  the  hving  animal,  also,  the 
perfusion  fluid  reaches  only  limited  areas  of  the  organs. 

This  investigation  was  conducted  with  the  simple  procedure 
of  injecting  India  ink,  suspended  in  saline  solution,  into  the 
circulation  of  a  guinea-pig.  The  animal  was  killed  with  chloro- 
form and  ether  within  two  minutes  after  the  injection  and  the 
organs  were  examined  as  to  the  distribution  of  the  ink  particles. 
The  volume  injected  was  2  cc.  The  injection  was  made  into 
the  external  jugular  vein. 


Fig.  1.     Two  Guixea-Pigs'  Livers  with  their  Respective  Cross-Sectioxs 

The  lighter  one  is  from  a  normal  animal;  the  darker  one  is  from  an  animal 
that  has  received  an  injection  of  India  ink. 

A  gross  comparison  was  made  of  the  organs  of  this  animal 
with  those  of  a  guinea-pig  that  had  not  been  injected.  The 
lungs  of  the  injected  animal  were  found  to  be  of  a  slightly  but 
uniformly  greyer  tint  than  the  normal  lung.  No  distinct  dif- 
ference in  the  color  of  the  other  organs  could  be  detected  ex- 
cepting the  liver.  This  organ,  as  can  be  seen  in  the  photograph 
(fig.  1),  was  deeply  blackened  and  uniformly  so  excepting  a 
very  narrow  area  near  the  anterior  border  on  the  inferior  surface. 
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Section  of  the  liver  showed,  also,  a  uniform  distribution  of  the 
ink  particles  throughout  the  interior  of  the  organ. 

The  experiment  demonstrates  an  immediate,  complete  mixing 
of  the  injected  fluid  with  the  circulating  blood  and  it  shows  that 
if  any  stagnant  areas  exist  in  the  lung  or  liver  these  are  not 
extensive  enough  to  interfere  with  the  purpose  of  the  perfusion. 

Thus,  the  perfusion  experiments  with  live  sensitized  animals 
remain  as  uncontroverted  evidence  of  the  cellular  site  of  the 
anaphylaxis  reaction. 

It  may  be  pointed  out  that  some  of  the  experiments  of  JMan- 
waring  and  Kusama,  although  they  were  carried  out  with  an 
isolated  organ,  also  contribute  evidence  of  a  cellular  site  of  re- 
action, inasmuch  as  they  show  a  distinctly  increased  anaphylactic 
reactivity  after  the  flushing  of  the  vessels  in  the  case  of  the 
"immunized"  guinea-pig.  This  experiment  demonstrates  the 
protective  action  of  the  circulating  antibodies,  which  points 
directly  to  a  cellular  reaction  site.  In  this  experiment,  also, 
a  complete  removal  of  the  blood  contained  in  the  vessels  of  the 
organ  was  not  necessary  to  the  purpose, 
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It  has  been  the  practice  of  one  of  us  to  demonstrate  to  students 
the  natural  immunity  of  the  rat  to  diphtheria  toxin.  This  was 
done  by  injecting  intraperitoneally  1  cc.  of  diphtheria  toxin 
possessing  a  minimal  lethal  dose  of  0.001  cc.  Two  rats  were 
injected.  One  of  these  was  kept  under  observation  and  always 
survived ;  the  other  was  killed  b}^  bleeding  on  the  morning  follow- 
ing the  injection  and  the  whole  quantity  of  the  serum  obtained 
was  injected  into  a  guinea-pig  to  demonstrate  in  the  serum  the 
presence  of  free  toxin.  The  guinea-pig  regularly  died.  This 
experiment  showed  that  the  immunity  of  the  rat  is  not  due  to 
antitoxin  in  the  animal's  blood. 

It  was  thought  at  first  that  since  the  rat  can  survive  the 
injection  of  1000  times  the  minimal  lethal  dose  of  toxin  for  the 
guinea-pig  it  must  be  absolutely  immune  to  the  toxin.  Under 
this  impression  experiments  were  carried  out  to  see  whether  the 
rat  is  capable  of  antitoxin  production,  as  antitoxin  production 
has  not  been  demonstrated  in  animals  that  are  absolutely  immune 
to  the  respective  toxin. 

In  examining  the  serum  of  the  rats  for  the  presence  of  anti- 
toxin we  have  employed  the  method  of  Roemer  which  is  adapted 
to  the  detection  of  very  small  quantities  of  toxin  or  antitoxin. 
In  the  course  of  our  experience  with  this  method  some  technical 
difficulties  were  encountered. 
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The  first  difficulty  had  been  met  in  preliminary  experiments  in 
the  performance  of  the  intracutaneous  injection.  In  these  ex- 
periments we  had  shaved  the  enthe  abdomen  v>dth  a  shai-p 
razor — avoiding  trauma — and  had  introduced  the  needle  (27 
gauge)  into  the  somewhat  tightly  drawn  skin  in  the  manner  em- 
ployed for  the  Schick  injection,  With  this  manner  of  injection  we 
were  quite  unable  to  control  the  depth  of  the  injection.  Before 
we  began  the  present  series  of  experiments  we  had  learned  from 
Dr.  Abraham  Zingher  a  method  of  injection,  which,  when  properly 
apphed,  insures  a  truly  superficial  site  of  the  injection.  This  meth- 
od, which  Dr.  Zingher  has  not  published,  is  illustrated  in  figure  1. 
The  shaved  skin  is  taken  up  in  a  loose  fold  over  the  forefinger 
and  the  needle  is  inserted  superficially  near  the  free  border  of  the 
fold.  The  inj ection  of  0. 1  cc.  of  fluid  in  this  situation  always  results 
in  the  formation  of  a  tense  vesicular  swelling  with  a  sharply 
defined  base. 

The  second  difficulty  lay  in  the  fact  that  occasionally  in  our 
experience  the  injection  of  identical  material  in  different  animals 
or  even  in  different  sites  in  the  same  animal  produced  widely 
different  effect;  for  example,  necrosis  in  one  place,  no  necrosis  in 
another. 

In  table  1  are  shown  the  results  of  the  preliminary  test  of  the 
toxicity  of  the  toxin  with  the  use  of  the  Roemer  method. 

It  is  seen  that  although  in  most  of  the  animals  necrosis  was 
produced  by  both  of  the  toxin  dilutions,  in  guinea  pig-285  this 
effect  was  lacking  in  one  site  even  with  the  1 :  600  dilution. 

With  this  possible  source  of  error  in  mind  we  conducted  the 
earher  experiments  with  the  use  of  duplicate  injections  of  all 
mixtures  into  two  animals.  In  accordance  with  the  standard 
adopted  for  the  usual  subcutaneous  method  of  injection,  guinea- 
pigs  had  been  selected  weighing  from  250  grams  to  about  300 
grams,  which  is  about  the  range  of  weight  mostly  observed 
by  Roemer  (1)  in  his  original  experiments.  On  account  of  the 
difficulty  of  maintaining  a  supply  of  animals  of  the  selected  range 
of  weight  some  tests  were  carried  out  to  see  whether  heavier 
animals  could  be  used.  In  the  first  series  of  these  tests  the  in- 
jections shown  in  table   1   were  duplicated  in  six  guinea-pigs 


390         A.    F.    COCA,   E.    F.    RUSSELL   AND   W.    H.    BAUGHMAN 

weighing  between  430  and  630  grams.  In  this  series  there  were 
no  irregular  results.  Every  injection  produced  necrosis.  As 
it  seemed  possible  that  this  somewhat  surprising  result  was  due 
to  a  greater  susceptibiUty  to  the  toxin  on  the  part  of  the  skin  of 
the  heavier  animals,  a  further  quantitative  comparison  was  made, 
the  results  of  which  are  presented  in  table  2. 

It  is  seen  that  whereas  in  the  heavier  animals  necrosis  was 
regularly  produced  by  1/24,000  cc.  of  the  toxin,  in  the  smaller 

TABLE  1 

Preliminary  test  of  the  toxicity  of  diphtheria  toxin  with  the  use  of  Roemer's  method. 
Result  on  the  fourth  day  after  intracutaneous  injection  of  0.1  cc. 


GUINEA- 

PIG  289 

;  WEIGHT  200 

GRAMS 

GUINEA-PIG  285;    WEIGHT  260  GRAMS 

L.P. 

1 

:900 

Necrosis 

6  mm. 

L.P. 

1 

:  900    Necrosis      7  mm. 

R.P. 

1 

:900 

Necrosis 

3  mm. 

R.P. 

1 

:900    0 

L.A. 

1 

:600 

Necrosis 

10  mm. 

L.A. 

1 

:600    0 

R.A. 

1 

600 

Necrosis 

10  mm. 

R.M. 

1 

:  600    Necrosis    10  mm. 

GUINEA-PIG  286 

;   WEIGHT  260  GRAMS 

GUINEA 

PIG  1849;  WEIGHT  250  grams 

L.P. 

1 

:90 

Necrosis 

3  mm. 

L.P. 

1 

:  900    Necrosis      2  mm. 

KP. 

1 

:90 

Necrosis 

3  mm. 

R.P. 

1 

:  900    Necrosis      3  mm. 

L.A. 

1 

:600 

Necrosis 

7  mm. 

L.A. 

1 

:  600    Necrosis      7  mm. 

R.A. 

1 

:600 

Necrosis 

7  mm. 

R.A. 

1 

:  600    Necrosis      8  mm. 

GUINEA-PIG  290 

;  WEIGHT  250 

GRAMS 

GUINEA 

-PIG  479;  WEIGHT  310  grams 

L.P. 

1 

;900 

Necrosis 

7  mm. 

LP. 

1 

:  900    Necrosis    10  x  3  mm. 

R.P. 

1 

:900 

Necrosis 

7  mm. 

R.P. 

1 

:  900    Induration 

L.A. 

1 

:600 

Necrosis 

10  mm. 

L.A. 

1 

:  600     Necrosis      7  mm. 

R.A. 

1 

:600 

Necrosis 

10  mm. 

R.A. 

1 

:600    Necrosis    10  mm. 

animals,  corresponding  with  the  earlier  experiences,  irregularity 
of  effect  was  obtamed  with  as  much  as  1/9000  cc. 

It  is  evident  in  these  experiments  that  the  skin  of  the  older 
guinea-pigs  is  more  sensitive  to  the  action  of  diphtheria  toxin 
than  the  skin  of  the  younger  animals.  For  this  reason  the  heavier 
animals  must  be  preferred  as  test  animals  for  the  intradermal 
method.  In  nmnerous  subsequent  experiences  this  conclusion 
has  been  confirmed. 

In  examining  the  serum  of  the  rats  for  the  presence  of  anti- 
toxin the  following  procedure  has  been  employed : 
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Serum  was  obtained  by  centrifugating  the  defibrinated  blood  and  it 
was  heated  for  thirty  minutes  at  about  54'^C.  The  toxin  used  through- 
out this  study  was  furnished  by  Dr.  Edwin  J.  Banzhaf  of  the  Board  of 
Health  of  New  York  City.  The  minimal  lethal  dose  of  this  toxin  was 
1/400  cc.  and  the  L4.  dose  was  0.18  cc. 

The  toxin  was  used  in  a  constant  quantity  in  all  of  the  mixtures; 
namely,  0.2  cc.  of  a  1  :  120  dilution.  This  quantity  was  somewhat  less 
than  1/100  of  the  L+  dose.  Hence,  failure  of  any  certain  quantity  of 
serum  to  neutrahze  the  toxin  demonstrated  that  that  quantity  of  serum 
contained  not  more  than  1/100  of  an  antitoxin  unit. 


TABLE  2 

Influence  of  the  age  of  the  guinea-pig  on  the  result  of  Roemer's  test  for  diptheria  toxin 

Result  on  fourth  day  after  intracutaneous  injection  of  0.1  cc. 


TOXIN 
DILUTION 

GUINEA-PIG 

213, 

WEIGHT  630 

GRAMS 

GUINEA-PIG  259, 
WEIGHT  290  GRAMS 

GUINEA-PIG 

280, 

WEIGHT  460 

GRAMS 

GUINEA-PIG  265, 
WEIGHT  240  GRAMS 

1  :2400 
1  :  1800 
1  :  1500 
1  :900 

Necrosis 
Necrosis 

Necrosis 
Necrosis 

Scaling 
Scaling 
Induration 
Necrosis  ? 

Necrosis 
Necrosis 
Necrosis 
Necrosis 

Induration 
Slight  scaling 
Necrosis 
Necrosis 

TOXIN 
DILUTION 

GUINEA-PIG 

WEIGHT  580 
GRAMS 

GUINEA-PIG  286, 
WEIGHT  220  GRAMS 

GUINEA-PIG 

281, 

WEIGHT  550 

GRAMS 

GUINEA-PIG  283, 
WEIGHT  260  GRAMS 

1  :2400 
1  :  1800 
1  : 1500 
1  :900 

Necrosis 
Necrosis 
Necrosis 
Necrosis 

Slight  scaling 

0 

Some  scaling 

Necrosis 

Necrosis 

Necrosis 
Necrosis 
Necrosis 

Scaling 

Slight  necrosis 
Slight  necrosis 
0 

The  volume  of  the  mixtures  was  always  1  cc.  The  quantity  of  mix- 
ture injected  was  always  0.1  cc.  The  animals  were  generally  under 
daily  observation  and  the  final  record  of  the  results  was  made  on  the 
fourth  day. 

A  number  of  preliminary  tests  had  shown  that  in  0.8  cc.  of 
normal  rat's  sermn  there  is  not  enough  antitoxin  to  prevent  the 
necrotizing  action  of  0.2  cc.  of  a  1:120  dilution  of  the  toxin. 
Following  is  a  protocol  of  the  experiments  designed  to  determine 
whether  the  injection  of  diphtheria  toxin  into  the  rat  results  in 
antitoxin  production. 
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August  11.  Eight  white  rats  receive  0.5  cc.  of  diphtheria  toxin  each  by 
subcutaneous  injection. 

August  18.  The  eight  rats  injected  on  August  11  receive  exactly 
similar  injectioiis. 

August  25.  Six  of  the  injected  rats  receive  a  third  injection  exactly 
similar  to  the  first.  The  other  two  rats  are  etherized  and  bled  to  death 
from  the  heart.  The  defibrinated  blood  is  pooled  and  the  serum, 
obtained  by  centrifugation,  is  heated  for  30  minutes  at  5-4°C.  0.8  cc. 
of  this  serum  did  not  interfere  with  the  necrotizing  action  of  0.2  cc.  of 
toxin  diluted  1:120. 

September  1.  One  of  the  injected  rats  is  bled  and  the  heated  serum  is 
examined  as  usual.  No  antitoxic  action  is  demonstrable.  The  remain- 
ing rats  receive  the  fourth  injection  of  0.5  cc.  of  toxin. 

September  8.  One  of  the  injected  rats  is  bled  and  the  heated  serum  is 
examined.  0.4  cc.  of  this  serum  are  found  to  prevent  completely  the 
necrotizing  action  of  0.2  cc.  of  toxin  (1  :  120).  Smaller  quantities  of  the 
serum  are  not  tested.  The  remaining  rats  receive  the  fifth  injection  of 
0.5  cc.  of  toxin. 

September  15.  The  serum  of  one  of  the  injected  rats  is  obtained  and 
tested  as  usual.  One-tenth  of  a  cubic  centimeter  of  the  sei-um  is  found 
to  neutralize  completely  0.2  cc.  of  toxin  (1  :  120).  1/40  cc.  exhibited 
no  neutraUzing  effect.  The  remaining  rats  receive  the  sixth  injection 
of  0.5  cc.  of  toxin. 

September  22.  The  serum  of  one  of  the  injected  rats  was  obtained  and 
heated  as  usual.  1/40  cc.  of  this  serum  prevented  the  necrotizing  action 
of  the  usual  quantity  of  toxin  but  allowed  some  sealing.  1/160  cc.  of 
the  serum  exhibited  no  antitoxic  power. 

These  expermients  show  that  the  white  rat,  although  insen- 
sitive to  the  injection  of  1000  times  the  lethal  dose  of  diphtheria 
toxin  for  the  guinea  pig  can  produce  antitoxin  after  four  injections 
of  200  doses.  After  the  sixth  injection  the  serum  of  the  last  rats 
examined  contained  at  least  4/10  of  an  antitoxin  unit  per  cubic 
centimeter. 

The  foregoing  experiments  seemed  to  indicate  that  an  animal 
can  produce  antitoxin  against  a  toxin  to  which  it  is  not  susceptible. 
It  did  not  seem  Hkely  that  an  annual  which  w^as  able  to  receive 
1000  lethal  doses  of  toxin  without  exhibiting  symptoms  v/ould  be 
intoxicated  by  a  larger  quantity  of  the  toxin. 
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Nevertheless,  the  following  tests  were  carried  out  as  a  precau- 
tionary measure: 

October  18.  14  cc.  of  diphtheria  toxin  had  been  mixed  with  0.2  cc. 
(100  units)  of  diphtheria  antitoxin  and  the  mixture  had  been  kept  in  the 
ice-box.  4  cc.  of  this  overneutralized  toxin  were  injected  subcutane- 
ously  into  each  of  three  normal  white  rats.  Three  other  normal  rats 
received  4  cc.  of  each  of  toxin  with  which  no  antitoxin  had  been  mixed. 
All  of  the  six  animals  were  etherized,  as  usual,  before  the  injections,  but 
they  did  not  recover  as  quickly  as  usual  and  all  of  them  exhibited  twitch- 
ings  of  the  whole  body  for  a  considerable  time.  Eventually,  however, 
all  recovered  and  on  the  following  day  they  seemed  normal,  with  the 
exception  of  one  of  the  animals  that  had  received  the  unneutralized 
toxin.  This  animal  died  during  the  day.  Autopsy  showed  slightly 
congested  adrenals  and  some  excessive  fluid  in  the  abdominal  cavity. 

The  other  two  animals  that  had  received  the  unneutralized 
toxin  died  on  October  21  and  22  and  both  presented  slightly  but 
distinctly  congested  adrenal  glands.  All  of  the  rats  that  received 
the  neutraUzed  toxin  survived  without  symptoms. 

The  foregoing  experiment  demonstrates  that  the  rat  is  not 
entirely  immune  to  diphtheria  toxin:  it  demonstrates  a  slight 
degi'ee  of  susceptibility  which  corresponds  with  the  slight  power 
of  antitoxin  production  in  this  animal. 

THE    MECHANISM    OF   THE    NATURAL   RESISTANCE    OF   THE    RAT    TO 
DIPHTHERIA  TOXIN 

Our  knowledge  regarding  the  natural  cellular  immunity  to  toxin 
is  limited  almost  entirely  to  the  assumption  of  Ehrlich  that 
immune  cells  lack  the  appropriate  ''receptors"  through  which 
alone,  according  to  him,  toxin  can  become  effectively  attached  to 
cells.  However,  in  the  one  instance  in  which  it  has  been  possible 
to  put  this  assumption  to  experimental  test  the  theory  has  been 
shown  to  be  inapplicable. 

Suspended  in  a  medium  containing  electrolytes,  the  red  blood 
corpuscles  of  the  ox  and  the  sheep  are  entirely  immune  to  the 
action  of  cobra  hemotoxin.  If  these  corpuscles  are  suspended  in 
isotonic  solutions  of  sugars  (2)  in  the  complete  absence  of  elec- 
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trolytes  they  are  found  to  be  susceptible  to  cobra  hemotoxin. 
The  simple  addition  of  electrolyte  to  the  sugar  medium  restores 
the  cellular  immunity. 

It  has  been  found  that  in  a  medium  containing  electrolytes  the 
resistant  corpuscles  are  unable  to  absorb  the  cobra  hemotoxin, 
whereas  in  a  medium  free  from  electrolytes  absorption  of  a 
considerable  quantity  of  hemotoxin  can  be  demonstrated. 

These  facts  show  that  the  immunity  of  the  resistant  cor- 
puscles is  due  to  a  physical  condition  of  the  corpuscular  sub- 
stance, which  prevents  the  entrance  of  the  toxin.  This  physical 
condition  is  altered  by  the  mere  exclusion  of  electrolytes,  by  which 
means  the  corpuscles  become  permeable  to  the  toxin. 

The  assumption  suggested  itself  that  the  mechanism  of  the 
natural  corpuscular  resistance  to  cobra  hemotoxin  is  operative 
in  all  instances  of  natural  cellular  immunity  to  toxin,  including, 
therefore,  that  of  the  rat  to  diphtheria  toxin.  The  truth  of  this 
assumption  could  not  be  tested  in  the  present  instance  by  the 
exclusion  of  electrolytes  in  the  animal  experiment— it  was  un- 
possible  to  find  out  whether  in  the  absence  of  electrolytes  the 
rat's  tissues  would  become  more  susceptible  to  the  action  of 
diphtheria  toxin. 

However,  evidence  regarding  the  mechanism  of  the  rat's 
inamunity  could  be  sought  by  another  means.  It  was  evident 
that  if  a  fixed  quantity  of  toxin  be  injected  into  an  animal  the 
concentration  of  the  toxin  in  the  body  fluids  will  be  affected 
according  to  whether  the  toxin  permeates  the  cells  or  not.  This 
principle  has  been  used  by  Hedin  (3)  and  later  by  Kosakai  (4) 
to  determine  the  permeability  of  blood  corpuscles  for  various 
substances;  it  was  applied  in  the  present  study  as  follows: 

A  certain  quantity  of  diphtheria  toxin  per  100  grams  of  animal  weight 
was  injected  intraperitoneally  into  a  rat  and  into  a  guinea-pig  and  after 
six  to  seven  hours  the  animals  were  etherized  and  the  toxin  content  of 
their  serum  was  determined  by  subcutaneous  injection  of  the  sera  into 
guinea-pigs. 

If  the  rat's  cells  are  only  shghtly  permeable  to  the  toxin  so 
that  most  of  the  toxin  remains  in  the  body  fluids  the  serum  of  the 
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rat  obtained  in  this  experiment  should  be  more  toxic  than  that 
of  the  guinea-pig,  whose  cells  are  highly  susceptible  and  therefore 
easily  permeable  to  the  toxin.  The  results  of  the  experiments 
presented  in  the  following  protocols  amply  meet  these  hypo- 
thetical conditions. 

Protocol  1 

Rat  1,  weighing  250  grams  and  guinea-pig  1,  weighing  220  grams, 
received  respectively  2.5  cc.  and  2.2  cc,  of  diphtheria  toxin  by  intraper- 
itoneal injection.  Six  hours  later  both  animals  were  etherized  and  bled 
from  the  heart.  The  sera,  obtained  by  centrifugation  of  the  defibrinated 
blood  were  injected  subcutaneously  into  normal  guinea-pigs  as  follows: 


GUINEA-PIG 
NUMBER 

WEIGHT 

grams 

265 

250 

256 

250 

273 

210 

274 

240 

MATERIAL  INJECTED 


Serum  rat  1  (1  :  20) 

(Same) 

Serum  guinea-pig  1 

(1  :  20) 
(Same) 


1.0 
0.5 
2.0 

1.0 


Died  in  4  days 
Local  edema:  S. 
Died  in  3  days 

Local  edema:  S. 


survived. 


Protocol  2 


Rat  2,  weighing  310  grams  and  guinea-pig  2,  weighing  275  grams, 
receive  respectively  1  cc.  and  0.9  cc.  of  diphtheria  toxin  by  intra- 
peritoneal injection.  Six  hours  later  the  animals  were  bled  and  the 
serum  obtained  was  injected  into  guinea-pigs  as  follows: 


GUINEA-PIG 
NUMBER 

WEIGHT 

MATERIAL  INJECTED 

QUANTITY 
INJECTED 

RESULT 

251 
249 
215 

grams 

250 
250 
290 

Serum  rat  2 

(Same) 

Serum  guinea-pig  2 

CC. 

0.5 
0.3 
2.0 

Died  in  2h  days 
Died  in  2\  days 
Died  in  2  days 

Guinea-pig  2a  weighing  280  grams  was  treated  like  guinea-pig  2 
and  1  cc.  of  the  serum,  obtained  as  usual  after  seven  and  one-half  hours, 
was  injected  into  normal  guinea-pig  252,  weighing  290  grams.  This 
animal  died  on  the  fourth  day. 
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Protocol  3 

Rat  3  (320  grams)  receives  0.64  cc.  and  guinea-pigs  3,  4  and  5,  weigh- 
ing 270,  270  and  250  grams,  receive  respectively  0.54  cc,  0.54  cc.  and 
0.50  cc.  of  diphtheria  toxin  by  intraperitoneal  injection.  Six  and  a  half 
hours  later  all  of  the  animals  were  bled  and  the  sera  obtained  from  the 
three  guinea-pigs  were  pooled.  The  rat's  serum  and  the  pooled  guinea- 
pigs'  serum  were  injected  into  normal  guinea-pigs  as  follows: 


GDINEA- 

PIQ 
NUMBER 

WEIGHT 

grams 

463 

250 

462 

250 

423 

260 

427 

About 

250 

428 

240 

429 

260 

464 

260 

426 

260 

MATEHIAL  INJECTED 


Serum  of  rat  3 
Serum  of  rat  3 
Serum  of  rat  3 

Serum  of  rat  3 

Serum  of  rat  3 

Serum  of  rat  3 

Pooled  serum  guinea-pigs  3,  4,  5 

Pooled  serum  guinea-pigs  3,  4,  5 


0.8 
0.5 
0.5 

0.4 

0.35 

0.3 

3.0 

2.0 


Died  in  3i  days 
Died  in  4^  days 
Died  in  3  days 

Died  in  4  days 

Died  in  14  days 

Lived 

Died  in  2§  days 

Died  in  4  days 


Protocol  4 

Rat  4  (170  grams)  received  1.7  cc.  of  diphtheria  toxin  intraperitone- 
ally  and  rats  5,  6  and  7,  weighing  160  grams,  200  grams  and  200  grams, 
received  respectively  0.32  cc,  0.4  cc.  and  0.4  cc  of  toxin  intraperi- 
toneally.  Between  six  and  six  and  one-half  hours  later  all  of  the  animals 
were  bled  and  the  sera  were  obtained  as  usual.  Serum  4  was  kept 
separate;  sera  5,  6  and  8  were  pooled.  These  two  sera  were  injected, 
subcutaneously  into  normal  guinea-pigs  as  follows: 


GUINEA-PIG 

N0MBEB 

WEIGHT 

grams 

456 

260 

450 

250 

452 

250 

322 

260 

324 

255 

323 

260 

327 

275 

316 

250 

320 

250 

458 

250 

MATEEIAIi  INJECTED 


Serum  rat  4  (1  :  10) 

(Same) 

(Same) 

(Same) 

(Same) 

(Same) 

Serum  rats  5,  6  and  7, 

undiluted 
(Same) 
(Same) 
(Same) 


0.6 
0.7 
0.8 
0.8 
0.9 
1.0 

0.7 
0.8 
1.0 
1.0 


Survived 
Survived 
Died  in  4J  days 
Died  in  5J  days 
Died  in  4  days 
Died  in  2?  days 

Died  in  4i  days 
Died  in  2  days 
Died  in  2  days 
Died  in  3  days 
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Protocol  5 

Guinea-pig  317  (250  grams)  received  intraperitoneally  2.5  cc.  of 
diphtheria  toxin.  Guinea-pigs  318,  319  and  321,  each  weighing  250 
grams,  received  0.5  cc.  of  diphtheria  toxin  each  by  intraperitoneal 
injection.  Nearly  seven  hours  later  these  animals  were  bled  and  the 
sera  were  obtained  as  usual.  Serum  317  was  kept  separate;  sera  318, 
319  and  321  were  pooled.  The  two  sera  were  injected  subcutaneously 
into  normal  guinea-pigs  as  follows: 


QUINEA- 

QUAN- 

PIG 

WEIGHT 

MATERIAL  INJECTED 

TITY 

RESULT 

NUMBRR 

INJECTED 

grams 

CC. 

452a 

250 

Serum  guinea-pig  317 

0.2 

Died  in  11  days 

326 

250 

(Same) 

0.3 

Died  in  4  days 

37a 

240 

Serum  guinea-pigs  318,  319  and  321 

1.6 

Died  in  7  days 

325 

250 

(Same) 

1.8 

Died  in  3  days 

321a 

240 

(Same) 

2.0 

Died  in  3  days 

In  the  preliminary  experiment  presented  in  protocol  1  it  was 
found  that  six  hours  after  the  injection  of  1  cc.  of  toxin  per  100 
grams  the  minimal  lethal  dose  of  the  rat's  serum  was  about  0.05 
cc;  that  of  the  guinea-pig's  serum  was  about  1  cc.  The  results 
of  more  exact  determinations  of  the  toxicity  of  the  sera  under  the 
conditions  of  this  preliminary  experiment  are  given  in  protocols 
5  and  6.  The  lethal  dose  of  the  corresponding  rat  serum  4  was 
found  to  be  0.09  cc;  that  of  the  corresponding  guinea-pig's 
serum  317  was  0.3  cc  The  difference  in  the  toxicity  of  the  two 
sera  is  decidedly  greater  in  this  experiment  than  it  w^as  in  the 
first  one. 

Still  greater  differences  in  toxicity  were  observed  when  the 
quantity  of  toxin  injected  per  100  grams  was  less  than  1  cc  For 
example,  the  lethal  dose  of  the  serum  of  rat  3  (which  had  received 
0.2  cc  per  100  grams)  was  0.4  cc,  whereas  that  of  the  correspond- 
ing pooled  guinea-pigs'  sera  3,  4  and  5  was  five  times  as  much — 2 
cc 

The  foregoing  experiments  seem  to  indicate  that  the  cells  of 
the  rat  are  usually  much  less  permeable  to  diphtheria  toxin  than 
are  those  of  the  guinea-pig.     However,  it  is  also  conceivable  that 
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the  toxin  does  not  actually  permeate  the  cells  of  the  susceptible 
guinea-pig,  but  merely  attaches  itself  to  a  vulnerable  element  or 
"receptor"  on  the  surface  of  the  cells.  The  failure  of  this 
attachment  to  take  place  in  the  case  of  the  resistant  animal  could 
account  for  the  differences  recorded  in  our  experiments. 

There  is,  thus,  nothing  in  our  results  which  can  be  considered 
as  actually  invahdating  the  side  chain  theory.  All  that  can  be 
asserted  regarding  the  mechanism  of  the  rat's  immunity  to  the 
toxin  is  that  the  cells  of  this  animal  seem  to  possess  the  property 
of  preventing  the  toxin  from  permeating  them  or  of  attaching 
itself  to  them. 

SUMMARY 

1.  Zingher's  method  of  injecting  intracutaneously  in  guinea- 
pigs  is  described. 

2.  It  is  shown  that  constant  results  can  be  obtained  with  the 
Roemer  technic  only  if  the  larger  guinea-pigs  are  used  (over 
400  grams). 

3.  The  rat  is  not  absolutely  immune  to  diphtheria  toxin.  Al- 
though it  usually  survives  the  injection  of  1000  minimal  lethal 
doses  (for  the  guinea-pig)  it  regularly  succumbs  to  4000  such 
units. 

4.  The  rat  is  capable  of  the  production  of  antitoxin  upon  the 
repeated  injection  of  diphtheria  toxin. 

5.  The  resistance  of  the  rat  to  diphtheria  toxin  is  not  due  to 
the  presence  of  normal  antitoxin,  but  to  the  property  of  the  cells 
of  preventing  the  toxin  from  entering  them  or  of  attaching  itself 
to  them. 
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Of  the  long  list  of  the  studies  of  the  phenomena  of  the  he- 
molysis almost  all  have  been  concerned  with  the  investigation 
of  the  properties  of  the  various  hemolytic  agents,  very  few 
having  pursued  the  question  of  the  actual  force  that  brings 
about  the  destruction  of  the  corpuscles.  Indeed,  this  ultimate 
force  is  known  in  but  one  of  the  many  forms  of  the  process 
of  hemolysis  that  resulting  from  hypotonicity  of  the  medium 
of  suspension;  that  is,  osmotic  pressure. 

In  the  course  of  some  experiments  upon  the  preservation  of 
blood  corpuscles  with  boric  acid  A.  F.  Coca  made  the  following 
observations:^  boric  acid  in  dry  form  or  in  solution  may  be 
mixed  with  blood  in  ,a  proportion  of  1^  per  cent,  or  less,  of  the 
dry  substance  without  causing  hemolysis.  If  blood  that  has 
been  in  contact  with  boric  acid  for  a  time  is  suddenly  mixed 
with  one  or  more  volumes  of  0.9  per  cent  NaCL  solution,  im- 
mediate complete  hemolysis  occurs.  If  the  blood  that  has 
been  treated  with  boric  acid  is  mixed  with  more  concentrated 
solutions  of  sodium  chloride  no  hemolysis  takes  place. 

As  the  easily  controlled  conditions  leading  to  this  phe- 
nomenon appeared  to  be  favorable  for  the  discovery  of  the  ulti- 
mate mechanism  of  the  hemolytic  process,  the  present  further 
study  of  it  was  undertaken. 

'  Unpublished. 
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TECHNIC 

The  corpuscle  suspension  used  throughout  this  investigation 
was  prepared  from  oxalated  sheep's  blood  by  washing  the  lat- 
ter three  times  in  physiological  (0.9  per  cent)  NaCL  solution 
and  diluting  the  corpuscular  sediment  with  the  same  solution 
up  to  the  original  volume  of  the  blood  taken. 

The  concentration  of  the  solutions  of  all  of  the  substances 
employed  was  determined  by  titration  so  far  as  methods  of 
titration  for  this  purpose  were  available. 

The  glass  tubes  used  for  the  hemolysis  tests  were  of  ordinary 
American  glass  and  they  measured  7  cm.  in  length  by  about 
1  cm.  in  diameter. 

The  experiments  were  carried  out  at  room  temperature 
(20°  to  24° C).  The  influence  of  ordinary  changes  of  tempera- 
ture upon  the  results  was  quite  neghgible. 

The  direct  effect  of  boric  acid  upon  the  corpuscles  was  first 
examined  and  it  was  found  that,  in  the  stronger  concentrations, 
this  substance  is  capable,  after  a  period  of  time,  the  length  of 
which  is  influenced  directly  by  its  concentration,  of  produc- 
ing complete  or  nearly  complete  laking.  The  protocol  of  an 
experiment  showing  the  direct  hemolytic  action  of  boric  acid 
is  presented  in  table  1. 

That  this  direct  hemolytic  effect  is  not  due  to  the  acid  quality 
of  the  substance;  that  is,  to  the  action  of  hydrogen  ions,  seems 
deducible  from  the  fact  that  boric  acid  is  not  dissociated  in 
solution  and  also  from  the  absence  of  methemoglobin  formation, 
which  is  always  observed  after  hemolysis  with  mineral  acids 
and  dissociable  organic  acids. 

The  preceding  experiment  does  not  exclude  the  possibility 
that,  although  the  direct  boric  acid  hemolysis  depends  on  the 
concentration  of  the  reagent  in  the  original  mixture,  the  phenom- 
enon is  influenced,  also,  by  the  quantitative  relation  between 
the  corpuscles  and  the  boric  acid.  This  question  was  investi- 
gated by  preparing  two  mixtures  of  equal  volume  containing 
an  identical  amount  of  boric  acid  but  different  amounts  of 
corpuscles.     The  boric  acid  concentration  used  was  such  that 
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the    usual   amount  of  the  corpuscle  suspension  (0.05  cc,  tube 
A)  was  not  completely  hemolysed. 

If  the  degree  of  hemolysis  were  affected  by  the  quantitative 
relation  between  the  corpuscles  and  the  reagent,  then  less 
hemolysis  would  be  expected  in  the  mixtures  containing  the 
larger  amounts  of  corpuscles  (that  is  0.1  cc,  tube  B).  How- 
ever, the  degree  of  hemolysis  was  identical  in  the  two  mixtures. 
On  the  other  hand,  the  hemolytic  effect  was  distinctly  less  in 
a  mixture  in  which  the  quantitative  relationship  between  cor- 

TABLE  1 
Showing  the  direct  hemolytic  action  of  boric  acid 


NUMBER   OF  TEST  TUBE 

I 

II 

III 

IV 

V 

Boric  acid  solution  (3.5  per  cent),  cc 

Physiological  salt  solution  (cc). 

0.3 

0.65 

0.05 

0.5 

0.45 

0.05 

0.95 
0.05 

1.95 
0.05 

2.95 

Blood  suspension  (cc.) 

0  05 

Degree  of  resulting  hemolysis 

0 
0 
0 
0 

0 
0 
tr 
tr 

0 

0 

ale 
ale 

0 
c 
c 
e 

12      minutes 

c 

2.5  hours 

c 

c 

In  all  of  the  tables  the  following  abbreviations  are  used  to  indicate  the  de- 
gree of  the  resulting  hemolysis:  c  =  complete,  ale  =  almost  complete,  v.st.  = 
very  strong,  st  =  strong,  w  =  weak,  v.w  =  very  weak,  tr  =  trace,  0  =  no  hemoly- 
sis. 


puscles  and  boric  acid  was  the  same  as  that  of  mixture  B  but 
in  which  the  concentration  of  the  reagent  was  only  half  as  great 
as  in  the  latter  mixture. 

From  the  results  of  the  first  experiment  it  is  seen,  furthermore, 
that  in  the  lesser  concentrations  (tubes  1  and  2)  boric  acid 
exerts  Uttle  or  no  hemolytic  action.  These  concentrations 
were,  therefore,  suitable  for  the  demonstration  of  the  phenome- 
non of  hemolysis  observed  by  Coca.  For  this  purpose  a  con- 
stant amount  of  corpuscular  suspension  was  mixed  with  boric 
acid  in  the  strongest  concentration  that  was  not  directly  hemo- 
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lytic  and  also  in  three  lesser  concentrations.  After  five 
minutes  an  equal  volume  (1  cc.)  of  0.9  per  cent  NaCI  solution 
was  added  to  each  mixture  and  the  tubes  were  at  once  vigorously- 
shaken. 

The  results  of  this  experiment  are  presented  in  table  2. 

It  is  seen  that  complete  hemolysis  occurred  only  in  the  mix- 
ture containing  the  stronger  concentration  of  the  boric  acid; 
that  is,  where  the  relative  change  in  the  concentration  of  that  sub- 
stance caused  by  the  addition  of  the  salt  solution  was  greatest. 
Furthermore,  a  significant  characteristic  of  the  boric  acid  he- 
molysis- is  seen  in  the  results  of  this  experiment,  in  the  fact 
that  the  full  hemolytic  action  elicited  by  the  procedure  is  exerted 


Boric  acid  solution  (3.5  per  cent)  (cc). 

Physiological  salt  solution  (cc.) 

Blood  suspension  (cc.) 


NUMBER   OF   TEST  TUBE 


0.5 

0.45 

0.05 


II 


0.4 

0.55 

0.05 


III 


0.3 

0.65 

0.05 


IV 


0.2 

0.75 

0.05 


After  five  minutes,  1  cc.  of  physiological  salt  solution  is  added  into  each  tube 

T^           (At  once      ... 

c 
c 

w 
w 

tr 

tr 

0 

^^'^^*  \After  ten  hours 

0 

within  a  few  seconds,  not  the  least  further  hemolysis  occurring 
in  any  of  the  tubes  during  the  succeeding  ten  hours. 

Since  the  cause  of  the  hemolysis  appeared  to  depend  upon 
the  sudden  change  of  the  concentration  of  the  boric  acid  in 
the  medium  of  suspension  of  the  corpuscles  it  seemed  possible 
that  the  addition  of  more  than  an  equal  volume  of  salt  solution 
would  cause  hemolysis,  also,  in  the  mixtures  containing  lesser 
concentrations  of  boric  acid  and  this  was  found  to  be  true. 
When  to  the  mixtures  in  tubes  2  and  3  in  table  2  several  volumes 
of  0.9  per  cent  NaCI  solution  were  added  complete  hemolysis 
took  place  in  both  instances. 

*In  the  further  discussions  in  this  paper  the  term  "boric  acid  hemolysis" 
refers  to  the  phenomenon  of  hemolysis  observed  by  Coca,  not  to  the  direct 
hemolysis  produced  by  the  concentrated  reagent. 
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In  view  of  these  latter  results  it  could  be  anticipated  that 
the  addition  to  the  mixture  in  tube  1  of  less  than  an  equal  volume 
of  salt  solution  could  result  in  a  correspondingly  lesser  degree 
of  hemolysis.  That  this  is  true  is  shown  in  the  protocol  pre- 
sented in  table  3. 

It  is  seen  that  when  a  half  volume  of  salt  solution  was  added 
to  the  mixture  only  weak  hemolysis  occurred,  the  addition 
of  a  three-tenths  volume  causing  only  a  trace  of  hemolysis. 

Similarly,  it  was  anticipated  that  if  the  mixtures  in  the  tubes 
2  and  3  of  table  2  were  centrifuged  and  the  supernatant  fluid 
decanted,  hemolysis  could  then  be  produced  by  shaking  the 
sediment  in  a  relatively  small  volmne  of  NaCI  solution — one 


NUMBER  OF  TEST  TUBE 

I 

n 

III 

Boric  acid  solution  (3.5  per  cent)  (cc.) 

0.5 

0.45 

0.05 

0.5 

0.45 

0.05 

0  5 

Physiological  salt  solution  (cc.) 

0  45 

Blood  suspension  (cc.) 

0.05 

After  five  minutes  was  added  to  I,  1.0  cc.  of  physiological  salt  solution;  to  II, 
0.5  cc.  of  physiological  salt  solution;  to  III,  0.3  cc.  of  physiological  salt  solution. 

„       ,,    f  At  once 

c 
c 

w 
w 

tr 

Result  {  ,,,     \        - 

l^ Alter  ten  hours 

tr 

which,  without  centrifugation,  would  fail  to  cause  laking.  The 
results  of  such  an  experiment,  which  are  given  in  table  4,  show 
this  to  be  the  case. 

That  the  hemolysis  produced  by  the  addition  of  salt  solution 
to  blood  that  has  been  treated  with  boric  acid  is  not  due  to  a 
specific  action  of  sodium  chloride  is  demonstrated  by  the  fact 
that  hemolysis  occurs  as  in  all  of  these  circumstances  if,  in- 
stead of  the  solution  of  sodium  chloride  isotonic  solutions  of 
other  salts  or  of  sugar  are  added  to  the  blood  corpuscle  and  boric 
acid  mixtures.  Indeed,  the  same  phenomenon  is  observed  upon 
the  addition  of  sheep's  serum  to  those  mixtures. 

The  data  in  hand  made  it  appear  possible  that  the  concen- 
tration of  the  boric  acid  rather  than  its  absolute  quantity  in 
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the  mixtures  determined  its  hemolytic  effect.  That  this  is 
true,  was  demonstrated  by  repeating  the  experiment  referred 
to  in  table  4  but  using  a  quantity  of  salt  solution  in  preparing 
the  original  mixtures  such  that  the  total  volume  was  always 
5  cc.  instead  of  1  cc.  After  these  mixtures  had  stood  over 
night  none  of  the  corpuscular  sediments  obtained  by  centri- 
fugation  and  decantation  was  hemolysed  when  rapidly  mixed 
with  even  a  large  volume  of  0.9  per  cent  NaCI  solution. 


Boric  acid  (3.5  per      '^'^' 
cent) 0.3 

Physiological   salt 
solution 0.65 

Blood  suspension...  0.05 


Same  as  I 


Same  as  I 


After  five  minutes,  added 
2  cc.  of  physiological 
salt  solution,  shaken 
rapidly 

Result  =  complete  he- 
molysis 


After  five  minutes,  ten 
times  0.2  cc.  of  phj^si- 
ological  salt  solution 
added  with  intervals  of 
thirty  seconds,  each 
time  shaken 

Result  =  no  hemolysis 


Then  this  test  tube  cen- 
trifuged,  into  sediment 
added  0.5  cc.  of  physio- 
logical salt  solution, 
shaken  rapidly 

Result  =  no  hemolysis 


After  five  minutes  centri- 
fuged,  into  sediment 
added  0.5  cc.  of  physio- 
logical salt  solution, 
shaken  rapidly 

Result  =  complete  hemol- 
ysis 


The  experiments  thus  far  had  elicited  the  following  facts : 

1.  The  boric  acid  hemolysis  is  exerted  to  its  full  extent,  in 
whatever  degree,  within  a  few  seconds,  no  further  hemolysis 
thereafter  taking  place. 

2.  The  boric  acid  hemolysis  depends  on  the  concentration, 
not  on  the  absolute  amount  of  the  reagent  with  reference  to  a 
constant  quantity  of  corpuscles. 
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3.  The  boric  acid  hemolysis  occurs  after  a  sudden  lowering* 
of  the  concentration  of  the  reagent  in  the  medium  of  suspension 
of  the  corpuscles. 

The  only  force  that  is  known  to  be  developed  under  the  fore- 
going conditions  is  that  of  osmotic  pressure,  which,  of  course, 
must  be  assumed  to  act  upon  a  limiting  corpuscular  cell  membrane 
and  the  further  evidence,  which  will  be  presented,  leaves  no 
reasonable  doubt  that  this  force  is,  in  fact,  the  ultimate  cause 
of  the  phenomenon  of  hemolysis  that  we  are  studying. 

The  assumption  that  the  boric  acid  hemolysis  is  an  effect  of 
osmotic  pressure  necessitates  the  further  assumption  that  the 
reagent  is  able  to  permeate  the  corpuscular  membrane.  As  is 
well  known  (1)  the  corpuscular  membrane  is  permeable  to  many 
substances  and  impermeable  to  others.  Since  boric  acid  had 
not  yet  been  studied  in  this  respect,  it  was  necessary  to  deter- 
mine the  question  by  experiment.  For  this  purpose  the 
method  of  Hedin  was  employed  as  follows:  To  10  cc.  of  washed 
sheep's  blood,  made  up  to  the  original  volume  with  physiological 
saline  solution,  were  added  10  cc.  of  physiological  saline  solution 
containing  3.5  per  cent  of  boric  acid.  After  10  minutes  this 
mixture  was  centrifuged  and  the  supernatant  fluid  was  com- 
pared with  a  mixture  of  10  cc.  of  physiological  saline  solution 
and  10  cc.  of  the  boric  acid-saline  solution  as  to  its  osmotic 
concentration. 

If  the  boric  acid  was  capable  of  entering  the  corpuscles  and 
was  present  there  in  the  same  concentration  as  in  the  medium 
of  suspension,  then  the  osmotic  concentration  in  the  fluid  me- 
dium was,  of  necessity,  the  same  as  that  of  the  mixture  without 
the  corpuscles.  On  the  other  hand,  if  the  corpuscular  mem- 
brane was  impermeable  or  incompletely  permeable  to  the  boric 
acid,  then  the  osmotic  concentration  in  the  medium  of  sus- 
pension must  have  been  greater  than  it  was  in  the  mixture 
without  the  corpuscles.  The  osmotic  concentration  in  the 
two  fluids  was  determined  with  the  cryoscopic  method,  with  the 
following  result: 

1.  Supernatant  fluid  of  corpuscle  mixture 1.120 

2.  Control  mixture  without  corpuscles 1.122 
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.  The  distribution  of  the  boric  acid  in  the  suspension  of  cor- 
puscles is,  thus,  uniform  throughout  the  corpuscles  and  the 
medium  of  suspension. 

GRADUAL   ADDITION   OF   PHYSIOLOGICAL   SALINE    SOLUTION   TO 
' ' BORATED  ' '    CORPUSCLES 

If  the  force  that  is  operative  in  the  boric  acid  hemolysis  is 
purely  that  of  osmotic  pressure  and  if  the  corpuscles  are  not  directly 
injured  by  the  mere  contact  with  the  reagent,  it  should  be  pos- 
sible, by  the  gradual  addition  of  a  volume  of  salt  solution  that, 
otherwise,  is  hemolytic,  to  bring  about  a  slow  diffusion  of  the 
intracorpuscular  boric  acid  into  the  surrounding  medium  with- 
out the  production  of  hemolysis.  The  difference  between  the 
intracorpuscular  and  the  extracorpuscular  concentration  of  the 
boric  acid  should,  by  this  procedure,  easily  be  kept  below  the 
point  at  which  the  assumed  destructive  osmotic  pressure  is 
developed.  The  protocol  of  the  experiment  that  was  conducted 
according  to  this  plan  is  presented  in  table  4. 

The  result  of  the  experiment  is  in  harmony  with  the  "os- 
motic pressure"  theory  of  the  boric  acid  hemolysis  and  it  dem- 
onstrates that  the  hemolytic  effect  is  not  caused  by  a  direct 
injury  of  the  corpuscles  by  the  reagent. 

THE    INHIBITION   OF   THE    BORIC   ACID    HEMOLYSIS    WITH   CONCEN- 
TRATED SOLUTIONS  OF  ELECTROLYTES  AND  NON-ELECTROLYTES 

The  already  cited  observation  of  Coca,  that  the  boric  acid 
hemolysis  can  be  inhibited  if,  in  the  second  step  of  the  pro- 
cedure concentrated  NaCl  solution  is  substituted  for  the  0.9 
per  cent  NaCI  solution,  is  also  compatible  with  the  osmotic 
pressure  theory.  This  phenomenon  was  subjected  to  a  quan- 
titative study;  the  protocol  of  the  preliminary  experiments  is 
presented  in  table  5. 

It  is  seen  that  corpuscles  which  have  been  treated  with  boric 
acid  in  the  manner  indicated  can  be  mixed  suddenly  with  1  cc. 
of  a  1.4  per  cent  or  more  concentrated  solutions  of  sodium  chlorid 
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without  undergoing  the  least  degree  of  hemolysis.  In  concentra- 
tions of  1  per  cent  or  less  the  corpuscles  are  completely  laked. 
In  terms  of  the  osmotic  pressure  theory  it  could  be  assumed 
that  certain  concentrations  of  sodium  chlorid  are  able  to  offer 
a  counter  osmotic  pressure  upon  the  external  aspect  of  the 
corpuscular  membrane  which  neutraUzes  that  developed  by 
the  boric  acid  within  the  cell.  It  could  be  assumed,  further- 
more, that  those  concentrations  of  sodium  chlorid  need  not 
prevent  the  diffusion  of  the  boric  acid  out  of  the  corpuscles 
and  experimental  examination  of  this  question,  the  protocol 
of  which  is  presented  in  table  6,  shows  that  such  is  the  case. 

TABLE  5 
Each  tube  contains:  Boric  acid  solution  {3.5  per  cent),  0.3  cc;  physiological  salt 
solution,  0.65  cc;  blood  suspension  0.05  cc.    After  five  minutes,  all  centrifuged, 
and  1.0  cc.  of  the  sohdions  of  sodium  chloride  added. 


NUMBER   OF  TEST  TUBE 

I 

n 

III 

IV 

V 

VI 

VII 

VIII 

Concentration  of  sodium  chloride 
(per  cent)                        

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

c 

c 

c 
c 

V.St 
V.St 

w 
w 

tr 
tr 

0 
0 

0 
0 

0 

Result  l^f^gj.  ^.^,Q  j^Q^j.g 

0 

The  insensitiveness  of  the  corpuscles,  after  the  second  centri- 
fugation,  to  sudden  immersion  in  physiological  saline  solution 
indicates  that  the  concentration  of  boric  acid  remaining  in  them 
was  no  longer  great  enough  to  develop  a  destructive  osmotic 
pressure.  Moreover,  the  result  of  this  experiment  furnishes 
clear  evidence  that  the  boric  acid  hemolysis  is  not  due  to  any 
organic  change  in  the  corpuscles  caused  by  a  chemical  action 
of  the  reagent. 

In  order  to  avoid  confusion  resulting  from  discrepancies 
that  may  appear  to  exist,  with  respect  to  hemolytic  effect, 
in  the  quantitative  relations  in  the  different  protocols,  it  may 
be  stated  that  the  different  specimens  of  sheep's  corpuscles 
have  been  found  to  be  differently  susceptible  to  the  hemolytic 
influence  of  boric  acid  that  we  are  considering;  that  is,  some  speci- 
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mens  of  blood  could  be  completely  hemolysed  after  treatment 
with  concentrations  of  boric  acid,  which,  with  other  speci- 
mens of  blood,  induced  only  a  partial  hemolysis.  This  factor 
has  sometimes  interfered  with  a  direct  comparison  of  the  re- 
sults in  the  different  protocols,  but  it  has,  in  no  way,  detracted 
from  the  conclusions  of  the  study,  which  have  been  based  on 
individual    experiments. 

If  the  absence  of  hemolysis  upon  the  immersion  of  borated 
corpuscles  in  a  concentrated  solution  of  sodium  chlorid  is  due 

TABLE  6 

Each  tube  contains:  Boric  acid  solution  {S.5  per  cent),  0.3  cc;  physiological  salt 
solution,  0.65  cc;  blood  suspension,  0.05  cc.  After  five  minutes  all  tubes  were 
centrifuged  and  the  supernatant  fluid  in  each  was  decanted 


NUMBER   OP  TEST  TUBE 

I 

II 

III 

IV 

Solution              1 
added ■ 

Physiological 
salt  solution 
1.0  cc. 

1.5    per    cent 
NaCl 
1.0  cc. 

2.0    per    cent 
NaCl 
1.0  cc. 

2.5   per   cent 
NaCl 
1.0  cc. 

Result 

c 

0 

0 

0 

After  five  minutes  tubes  II,  III  and  IV  again  centrifuged  and  the 
each  was  mixed  suddenly 


liment  in 


Physiological 
salt  solution . . 

3  cc. 

3cc. 

3cc. 

Result      

0 

0 

0 

to  a  counter  osmotic  pressure  developed  against  the  outer  sur- 
face of  the  corpuscular  membrane,  then  a  similar  effect  must 
be  producible  with  suitably  concentrated  solutions  of  other 
substances  capable  of  inducing  osmotic  pressure.  Further- 
more, if  the  theory  under  consideration  is  correct,  it  must  be 
possible  to  demonstrate  that  the  minimal  non-hemolytic  con- 
centrations of  all  such  substances  for  corpuscles  that  have  been 
treated  with  a  certain  concentration  of  boric  acid  actually 
exert  the  same  osmotic  pressure.  In  the  succeeding  experi- 
ments these  requirements  are  fully  satisfied  and  the  concor- 
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dant  results  permit  the  definite  conclusion  that  the  force  opera- 
tive in  the  boric  acid  hemolysis  is,  in  fact,  that  of  osmotic  pressure. 

In  these  experiments  the  treatment  of  the  corpuscles  was 
always  carried  out  in  a  volume  of  1  cc.  of  the  different  concentra- 
tions of  the  boric  acid.  The  concentration  of  the  boric  acid  is 
usually  indicated  in  the  tables  by  the  amount  of  a  3.5  per  cent 
solution  of  that  reagent  that  was  contained  in  the  treating 
mixture.  For  example,  where  the  amount  of  boric  acid  is 
given  as  0.15,  this  means  that  in  making  that  mixture  0.15  cc. 
of  3.5  per  cent  of  boric  acid  dissolved  in  physiological  saline 
solution  were  mixed  with  0.8  cc.  of  physiological  saline  solution 
and  to  this  mixture  were  added  0.05  cc.  of  blood  suspension. 

In  order  to  determine  the  minimal  non-hemolytic  concen- 
tration of  the  different  substances,  five  or  six  identical  mix- 
tures of  blood  and  boric  acid  were  prepared  and  after  five  minutes 
the  mixtures  were  centrifuged  and  the  supernatant  fluid  was 
completely  removed  with  a  capillary  pipet.  With  the  sedi- 
ment of  each  tube  was  rapidly  mixed  (by  shaking)  one  cubic 
centimeter  of  the  different  concentrations  of  the  substance 
under  examination.  Within  a  few  minutes  these  final  mix- 
tures were  centrifiged  and  the  degree  of  the  resulting  hemolysis 
was  noted  according  to  the  degree  in  which  the  supernatant 
fluid  was  tinged  with  hemoglobin.  .The  minimal  non-hemolytic 
concentration  was  taken  as  the  lowest  with  which  no  tinging 
of  the  supernatant  fluid  resulted.  The  relative  osmotic  pres- 
sure of  the  various  concentrations  was  determined  with  the 
usual  cryoscopic  method,  the  results  of  these  examinations 
being  recorded  in  the  tables  under  the  customary  designation. 

In  a  preliminary  experiment  the  relation  of  the  osmotic  pres- 
sure of  the  treating  mixture  to  that  of  the  minimal  inhibiting 
concentration  of  pure  sodium  chlorid  and  of  boric  acid  dis- 
solved in  physiological  sodium  chlorid  was  studied  and,  as  the 
tabulated  protocols  (  tables  XIII  and  Xllla)  show,  it  was  found 
that  the  "minimal  inhibiting  pressure"  was  slightly,  but  con- 
sistently lower  than  the  ''treating  pressure."  It  is  impossible 
to  interpret  this  difference  without  exact  information  as  to  the 
balance  of  osmotic  pressure  between  the  normal  corpuscular 
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contents  and  the  ''isotonic"  saline  solution  in  which  the  boric 
acid,  used  in  the  experiment,  had  been  dissolved.  A  part  if 
not  all  of  the  difference  represents  variation  due  to  experimental 
error. 

It  is  seen,  furthermore,  that  for  corpuscles  that  have  been 
similarly  treated  with  boric  acid  the  minimal  non-hemolytic 


Showing  the  method  of  determining  the  minimal  concentrations  of  a  substance  (NaCl) 
which  are  capable  of  -preventing  the  boric  acid  hemolysis 


NUMBER    OF   GROUP 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

Amount  of  boric  acid  solution  (3.5  per 
cent)  used  for  treatment              

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.5 

Solution  of  NaCl,   per  cent 
0.9 
1.0 

Degree  of  resulting  hemolysis 

St 

w 

c 

St 

ale 

1.1 

1.2 

0 
0 

w 
0 

St 

w 

ale 

St 

c 

1.3 
1.4 

0 

0 
0 

0 
0 

w 
0 

st 
w 

c 

st 

c 

1.5 
1.6 

0 

0 
0 

w 
tr 

ale 

st 

ale 

1.7 

1.8 

0 
0 

v.w 
0 

st 
v.w 

1.9 
2.0 

0 

0 
0 

concentration  of  sodium  chlorid  and  of  boric  acid  are  found, 
with  the  method  employed,  to  be  of  practically  identical 
"osmotic    concentration." 

In  two  further  series  of  tests,  the  results  of  which  are  pre- 
sented in  tables  9  and  10,  the  ''osmotic  concentration"  of  the 
minimal  non-hemolytic  concentrations  of  four  other  substances 
was  determined  for  differently  treated  corpuscles.     As  different 
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Relation  of  the  concentration  of  boric  acid  used  in  treatment  to  the  minimal  inhibiting 
concentrations  of  sodium  chloride  and  boric  acid 


TBEATING  CONCENTRATION    OF    BORIC   ACID 

INHIBITING   CONCENTRATION 

Amount  of  a 

3.5  per  cent 

solution 

Per  cent 

A 

NaCl 

Boric  acid  in 

salt  sc 

physiological 
lution 

original 
mixture 

Per  cent 

A 

Per  cent 

A 

cc. 

0.5 

1.75 

1.115 

1.85 

1.095 

1.54 

1.07 

0.45 

1.575 

1.075 

1.75 

1.05 

1.40 

1.00 

0.4 

1.4 

1.00 

1.62 

0.97 

1.275 

0.95 

0.35 

1.225 

0.94 

1.5 

0.91 

1.05 

0.88 

0.3 

1.05 

0.88 

1.4 

0.85 

0.945 

0.84 

0.25 

0.875 

0.835 

1.3 

0.83 

0.77 

0.80 

0.2 

0.7 

0.78 

1.18 

0.74 

0.595 

0.75 

0.15 

0.525 

0.73 

1.08 

0.69 

0.42 

0.67 

TABLE  9 

Relative   osmotic  concentration  of  the  minimal  non-hemolytic   concentrations   of 
sodium  chlorid,  barium  chlorid  and  cane  sugar 


AMOUNT  OF  3.5 

NON 

-HEMOLYTIC   CONCENTRATION    OF 

BORIC   ACID 
USED  FOR 

NaCl 

BaCl2 

Cane 

sugar 

TREATING   THE 

CORPUSCLES 

Per  cent 

A 

Per  cent 

A 

Per  cent 

A 

CC. 

0.2 

1.2 

0.749 

3.7 

0.724 

11.0 

0.722 

0.3 

1.4 

0.850 

4.4 

0.858 

13.0 

0.866 

0.4 

1.6 

0.950 

4.9 

0.971 

14.0 

0.984 

0.5 

1.8 

1.082 

5.4 

1.076 

15.0 

1.125 

Relative   osmotic  concentration  of  the   minimal  non-hemolytic   concentrations   of 
ammonium  chlorid  and  glycerin 


AMOUNT   OF 

3.5  PER  CENT  BORIC 

ACID  USED  FOR 

TREATING 

NON-HEMOLYTIC  CONCENTRATION    pF 

NH4CI 

Glycerin 

Per  cent 

A 

Per  cent 

A 

CC. 

0.2 
0.4 

1.2 
1.5 

0.801 
1.010 

2.9 

3.8 

0.794 
1.041 
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specimens  of  corpuscles  were  used  in  the  two  series  of  tests, 
the  results  in  the  two  tests  are  not  concordant.  Those  of  table 
9  agree  with  those  of  table  8,  both  of  these  disagreeing  with 
those  of  table  10.  However,  the  results  included  within  each 
table  are  concordant  among  themselves  and  they  allow  no 
reasonable  doubt  that  the  prevention  of  the  boric  add  hemolysis 
with  concentrated  solution  is  due  to  a  counter  osmotic  mechanism 
acting  upon  the  outer  surface  of  the  corpuscles. 

SUMMARY 

After  blood  corpuscles  have  been  treated  for  a  short  time 
with  certain  concentrations  of  boric  acid  that  are  not  directly 
injurious  to  those  cells,  the  sudden  immersion  of  the  treated 
corpuscles  in  a  physiological  solution  of  sodium  chloride  causes 
their    complete   hemolysis. 

This  ''boric  acid  hemolysis"  does  not  occur  if  the  addition 
of  the  physiological  saline  solution  is  made  gradually  or  if  the 
corpuscles  are  immersed,  even  suddenly,  in  more  concentrated 
solutions  of  sodium  chloride  or  of  other  non-hemolytic  substances. 

That  the  destructive  force  responsible  for  this  form  of  hemoly- 
sis is  that  of  ''osmotic  pressure"  is  shown  by  the  fact  that  the 
minimal  non-hemolytic  concentrations  of  all  of  the  substances 
examined  were  found  to  be  of  identical  "osmotic  concentration." 

REFERENCE 
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The  laws  governing  the  development  of  osmotic  pressm-e 
and  the  effects  produced,  by  that  agency  upon  animal  and 
vegetable  cells  have  been  exactly  determined  by  experimental 
study.  The  nature  of  the  force  of  osmotic  pressure,  on  the 
other  hand,  has,  of  necessity,  been  only  surmised,  because  of 
the  limitations  hitherto  surrounding  the  experimental  study 
of  that  force,  and  the  ideas  concerning  this  question  are  based 
either  on  theoretical  grounds  or  on  the  observations  upon  the 
effects  of  osmotic  pressure. 

In  the  writings  on  the  subject  of  osmotic  pressure  two  con- 
ceptions of  the  nature  of  that  force  are  found. 

The  first  conception  is  drawn  from  the  well  known  demon- 
stration by  van't  Hoff  of  the  agreement  between  the  laws 
governing  gas  pressure  and  those  governing  the  development 
of  osmotic  pressure.  According  to  this  conception,  osmotic 
pressure,  corresponding  with  the  pressure  of  the  gases,  is  ex- 
erted by  the  molecules  of  the  dissolved  substance  (solute) ,  these 
being  thought  of  as  continually  ''bombarding"  the  surface  of 
the  limiting  membrane. 

Thus,  Hedin  (1)  writes  ''da  ferner  der  Zucker  durch  die 
Membran  nicht  passieren  kann,  so  iibt  der  Zucker  gegen  die 
Membran  einen  gewissen  Druck  aus.  Dieser  wird  der  Os- 
motische  Druck  der  eingeschlossenen  Losung  genannt." 

Wells  (2)  says  "since  osmotic  pressure,  exactly  like  gas  pres- 
sure, is  presumably  produced  by  the  bombarding  of  the  walls 
of  the  container  by  particles  in  solution " 
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Lewis  (3)  writes  "It  seems  reasonable  to  suppose,  therefore, 
that  when  diffusion  of  a  solute  does  occur  in  a  given  direction 
it  is  due  to  the  osmotic  pressure  acting  as  the  driving  force. 
Of  course  we  cannot  speak  of  the  osmotic  pressure  of  the  sol- 
vent, but  simply  of  the  solute,  since  the  concentration  of  the 
solute  corresponds  to  gas  concentration." 

Nernst  (4)  writes  "it  must  happen,  of  course,  that  the  sugar 
will  exert  a  pressure  on  the  partition,  which  opposes  its  endeavor 
to  fill  the  whole  solution."  The  further  exposition  by  this 
author  leaves  no  doubt  that  he  looks  upon  osmotic  pressure 
as  being  directly  exerted  by  the  solute. 

The  second  conception  of  the  nature  of  the  force  of  osmotic 
pressure  is  expressed  by  van't  Hoff  (5)  as  follows: 

In  order  clearly  to  realize  the  quantity  referred  to  as  osmotic  pres- 
sure, imagine  a  vessel  completely  full  of  an  aqueous  solution  of  sugar, 
placed  in  water.  If  it  be  conceived  that  the  solid  walls  of  this  vessel 
are  permeable  to  water  but  impermeable  to  the  dissolved  sugar,  then, 
owing  to  the  attraction  of  the  solution  for  water,  water  will  enter 
the  vessel  up  to  a  certain  limit,  thereby  increasing  the  pressure  on 
the  walls  of  the  vessel  [iaside].  Equilibrium  then  ensues  owing  to 
the  pressure  resisting  further  entry  of  the  water.  This  pressure  we 
have  termed  osmotic  pressure. 

This  conception  ignores  the  dissolved  substances  as  directly 
exerting  the  force  that  we  are  studying  and  looks  upon  the  latter 
as  merely  the  pressure  developed  by  the  accumulation  of  the 
water  which  diffuses  through  the  semipermeable  membrane 
into  the  solution  containing  the  greater  concentration  of  mole- 
cules and  dissociated  ions.  The  view  just  stated  is  not  with- 
out adherents  among  the  investigators  of  the  subject  of  osmosis 
but  it  has  received  almost  no  consideration  in  the  pubhshed 
treatises. 

The  preceding  study  of  the  boric  acid  hemolysis  (6)  had 
revealed  conditions  under  which  the  development  and  effect 
of  osmotic  pressure  can  be  exactly  controlled  and  observed 
under  varying  quantitative  relationships. 


THE  NATURE  OF  OSMOTIC  PRESSURE  51 

In  previous  investigations  Eisenberg  (7)  had  observed  the 
laking  of  the  corpuscles  with  formahn  and  urea  under  circum- 
stances, which,  so  far  as  they  were  studied  by  him,  coincide 
with  those  which  we  have  found  to  control  the  phenomenon 
of  boric  acid  hemolysis  and  we  had  observed  a  similar  hemo- 
lytic action  on  the  part  of  glycerin  and  ammonium  chloride. 

As  will  be  presently  set  forth,  a  comparative  study  of  the 
quantitative  and  time-relationships  that  govern  the  hemolytic 
effect  of  some  of  these  reagents,  has  revealed  facts  which  can 
be  explained  only  with  the  assumption  that  osmotic  pressure 
is  not  a  direct  property  of  a  solute  but  is  developed  indirectly,  as 
a  result  of  a  process  of  diffusion,  by  the  accumulation  of  water 
on  one  side  of  a  semipermeable  membrane. 

Eisenberg  observed  that  corpuscles  which  had  been  in  con- 
tact with  formaldehyde  in  a  concentration  below  that  capable 
of  "fixing"  them  were  inamediately  laked  on  being  suddenly 
immersed  in  isotonic  saline  solution.  This  hemolytic  effect 
did  not  occur  if  the  treated  corpuscles  were  immersed  in  more 
concentrated  salt  solution.  Eisenberg  concluded  that  the 
formalin  hemolysis  is  not  a  direct  effect  of  the  reagent.  He 
considered  the  phenomenon  as  a  ''water  hemolysis"  but  he 
adduced  no  experimental  support  for  such  assumption. 

Eisenberg's  observation  of  the  urea  hemolysis  (in  the  lesser 
concentration  of  that  substance  in  physiological  saline  solution) 
was  confined  to  the  mere  fact  that  that  effect  is  produced  by 
a  sudden  immersion  of  the  treated  corpuscles  in  isotonic  salt 
solution.  Eisenberg  excluded  osmotic  pressure  as  a  cause  of 
the  urea  hemolysis,  because  of  the  fact  that  with  the  lesser 
concentration  of  the  reagent  a  longer  contact  was  followed  by 
a  stronger  hemolytic  effect  than  a  shorter  contact.  This  fact, 
Eisenberg  thought,  pointed  to  a  direct  action  of  the  urea. 

The  first  experiments  of  the  present  study  were  designed 
for  the  purpose  of  determining  whether  the  hemolytic  action 
of  formaldehyde  and  of  urea  were,  like  that  of  boric  acid,  the 
result  of  osmotic  pressure  and  five  criteria  were  used  together 
in  arriving  at  a  conclusion  as  to  that  question.  The  first  of 
these  had  already  been  applied  by  Eisenberg  in  his  observation 
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that  the  hemolytic  action  of  both  substances  was  developed 
merely  by  a  reduction  in  the  concentration  of  the  substance 
in  the  medium  of  suspension;  the  second  criterion  was  the  ab- 
sence of  hemolysis  when  the  treated  corpuscles  were  suddenly 
immersed  in  concentrated  salt  solutions;  the  third  criterion 
was  the  disappearance  of  the  peculiar  sensitiveness  of  the  treated 
corpuscles  to  immersion  in  physiological  salt  solution  after 
being  washed  in  concentrated  salt  solution;  the  fourth  criterion 
was  the  absence  of  hemolysis  when  to  the  treated  corpuscles 
a  hemolytic  volume  of  physiological  salt  solution  was  added 
not  all  at  once,  but  gradually;  and  the  fifth  criterion  was  the 
demonstration  of  the  permeability  of  the  corpuscular  membrane 
to  both  substances  with  the  cryoscopic  method  of  Hedin. 

In  all  of  these  five  respects  the  corpuscles  treated  with  either 
formaldehyde  or  urea^  behaved  exactly  like  those  treated  with 
boric  acid.  Hence  the  conclusion  is  warranted  that  the  hemoly- 
sis produced  by  the  former  two  substances  is,  like  that  of  boric 
acid,  a  result  of  osmotic  pressure. 

In  order  to  make  a  comparative  study  of  the  osmotic  hemoly- 
sis produced  by  the  three  selected  reagents  the  concentrations 
were  determined  in  which  they  all  produce  the  same  degree 
of  hemolysis  upon  an  arbitrarily  selected,  uniform  diminution 
of  those  concentrations.  It  was  found  that  if  0.05  cc.  of  cor- 
puscular suspension  were  treated  for  ten  minutes  with  0.4  cc 
of  3.5  per  cent  boric  acid  or  0.4  cc.  of  4  per  cent  formaldehyde 
or  0.8  cc.  of  10  per  cent  urea,  the  total  volume  in  each  case  being 

1  cc,  the  sudden  addition  of  1  cc.  of  physiological  salt  solution 
would  produce  very  strong  hemolysis,   while  the  addition   of 

2  cc.  of  that  solution  would  cause  complete  hemolysis  in  all 
of  the  mixtures. 

Under  the  condition  of  these  comparative  tests  the  assump- 
tion is  justified  that  in  all  three  instances,  where  the  same  de- 
gree of  hemolysis  was  produced,  the  corpuscles  were  being 
subjected  to  the  same  degree  of  osmotic  pressure. 

iFor  a  generous  supply  of  urea  of  highest  purity  the  author  is  indebted  to 
Dr.  William  J.  Gies  of  the  College  of  Physicians  and  Surgeons  in  New  York 
City. 
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On  the  basis  of  these  tests,  the  same  relative  concentrations 
were  used  in  the  subsequent  comparative  study. 

It  was  found  that  the  osmotic  concentrations  of  the  mix- 
tures containing  0.2  cc.  of  3.5  per  cent  boric  acid,  or  0.2  cc. 
of  4  per  cent  formaldehyde  or  0.4  cc.  of  10  per  cent  urea  were 
respectively  A  =  0.780,  1.091  and  1.91;  and  that  the  corre- 
sponding changes  in  concentration  in  the  comparative  hemolytic 
experiment  were  as  follows: 


CONCENTRATION    OF  THE 

SUBSTANCE    IN   THE 

CONCENTRATION   OF  THE 

MIXTURE    AFTER   AD- 

SUBSTANCE  IN   THE 

DITION    OF  THE    MINI- 

TREATING   MIXTURE 

MAL   HEMOLYTIC 
AMOUNT   OF  PHYSIO- 
LOGICAL SALT  SOLUTION 

per  cent 

per  cent 

0.700 

0.378 

0.800 

0.267 

4.000 

1.3 

It  is  evident  that  if  the  destructive  osmotic  effect  that  we 
are  studying  is  exerted  directly  by  the  molecules  of  the  dif- 
ferent substances,  it  should  be  expected  that  the  solutions  of 
the  three  substances  which  produce  the  same  hemolytic  effect 
would  be  found,  by  the  cryoscopic  method,  to  be  of  the  same 
osmotic  concentration;  furthermore,  it  should  be  expected  that 
a  constant  relation  would  be  found  between  the  concentration 
of  each  substance  with  which  the  corpuscles  were  treated  and 
that  of  the  respective  mixture,  after  the  minimal  hemolytic 
quantity  of  physiological  saline  solution  had  been  added. 

However,  in  the  experiments  that  were  undertaken  to  deter- 
mine this  question,  neither  of  these  two  requirements  was 
satisfied. 

It  is  seen  that  although  the  osmotic  concentration  of  the 
mixture  of  boric  acid  used  in  the  treatment  of  the  corpuscles 
is  considerably  less  than  that  of  the  other  two  substances  the 
same  hemolytic  effect  was  produced  by  a  change  in  the  con- 
centration of  the  reagent  which  was  much  less  in  the  case  of 
boric  acid  than  it  was  in  the  other  two  substances;  that  is, 
exactly  the  reverse  of  what  would  have  been  expected  if  the 
osmotic  force  is  exerted  directly  by  the  molecules  of  the  reagent. 
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A  comparison  of  the  results  obtained  with  formaldehyde 
and  with  urea  shows  a  close  correspondence  in  the  ratios  be- 
tween the  concentration  used  for  treating  the  corpuscles  and 
that  resulting  upon  the  addition  of  the  minimal  hemolytic 
amount  of  physiological  saline  solution.  In  view  of  the  fact 
that  the  osmotic  concentration  of  the  mixture  of  formaldehyde 
used  in  treating  the  corpuscles  was  only  about  half  as  great  as 
that  of  the  treating  mixture  of  urea  a  correspondingly  greater 
lowering  of  the  concentration  of  the  former  reagent  should  have 


Determination  of  the  ratio  of  the  final  concentration  to  the  original  concentration  of 
the  reagent  in  boric  acid  hemolysis 


Boric  acid  solution  (3.5  per  cent)  (cc.) 

Physiological  salt  solution  (cc.) 

Blood  suspension  (cc.) 

Whole  volume  (cc.) 

Percentage  concentration  of  boric  acid  in  the  treat- 
ing mixtures 

Minimal  hemolytic  amount  of  physiological  salt  solu- 
tion, added  after  five  minutes  contact  without 
previous  centrifugation  (cc.) 

Final  percentage  concentration  of  boric  acid 


NUMBER   OP  TEST  TUBE 


0.1 

0.25 

0.05 

0.4 


0.875 


0.4 
0.438 


II 


0.1 

0.S5 

0.05 

0.5 


0.7 


0.65 
0.304 


III 


0.1 

0.45 

0.05 

0.6 


0.583 


0.9 
0.233 


IV 


0.1 

0.55 

0.05 

0.7 


0.5 


1.4 
0.167 


been  thought  necessary  to  the  production  of  an  identical 
hemolytic  effect  in  the  two  mixtures. 

This  latter  contention  is  verified  by  an  examination  of  the 
protocols  of  three  series  of  tests  that  were  carried  out  with 
diminishing  concentrations  of  boric  acid,  formaldehyde  and 
urea  respectively.  These  protocols  are  presented  in  tables 
1,  2  and  3. 

In  all  of  these  three  experiments  it  is  evident  that,  as  the 
concentration  of  the  reagent  that  was  used  for  treating  the 
corpuscles  diminishes,  the  ratio  between  that  concentration 
and  the  final  concentration  rapidly  increases. 
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Determination  of  the  ratio  of  the  final  concentration  to  the  original  concentration 
of  the  reagent  in  formaldehyde  hemolysis 


Formaldehyde  solution  (4  per  cent)  (cc.) 

Physiological  salt  solution  (cc.) 

Blood  suspension  (cc.) 

Whole  volume  ( cc  .^ 

Percentage  concentration  of  formaldehyde  in  the 
treating  mixtures 

Minimal  hemolytic  amount  of  physiological  salt  so- 
lution, added  after  five  minutes  contact  without 
previous  centrifugation  (cc.) 

Final  percentage  concentration  of  formaldehyde. . . . 


NUMBER   OF  TEST   TUBE 


0.1 

0.25 

0.05 

0.4 


1.0 


1.0 
0.286 


II 


0.1 

0.35 

0.05 

0.5 


0.8 


1.6 
0.19 


III 


0.1 

0.45 

0.05 


0.666 


2.2 
0.143 


IV 


0.1 

0.55 

0.05 

0.7 


0.572 


4.5 
0.077 


Determination  of  the  ratio  of  the  final  concentration  to  the  original  concentration  of 
the  reagent  in  urea  hemolysis 


Urea  solution  (10  per  cent)  (cc.) 

Physiological  salt  solution  (cc.) 

Blood  suspension  (cc.) 

Whole  volume  (cc.) 

Percentage   concentration   of   urea   in   the   treating 
mixtures 

Minimal  hemolytic  amount  of  physiological  salt  solu- 
tion, added  after  five  minutes  contact  without  pre- 
vious centrifugation  (cc.) 

Final  percentage  concentration  of  urea 


NUMBER   OF  TEST  TUBE 


0.2 

0.15 

0.05 

0.4 


5.0 


0.85 
1.6 


II 


0.2 

0.25 

0.05 

0.5 


4.0 


1.3 
1.11 


III 


0.2 

0.35 

0.05 

0.6 


3.33 


2.8 
0.59 


0.2 

0.45 

0.05 

0.7 


2.86 


9.0 
0.206 
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The  experimental  facts  thus  far  adduced  in  the  comparative 
study  of  the  osmotic  hemolysis  produced  by  the  three  selected 
reagents  are  incompatible  with  the  theory  that  osmotic  pres- 
sure is  exerted  directly  by  the  molecules  of  the  solute. 

They  demonstrate  that  in  circumstances  under  which  the 
three  substances  are  allowed  to  act  upon  the  corpuscular  mem- 
brane in  identical  ''osmotic  concentration"  the  quantitative 
effect  is  by  no  means  identical  in  the  three  instances.  Under 
such  circumstances  the  effect  produced  by  boric  acid  is  greater 
than  that  of  formaldehyde  and  that  of  the  latter  substance  is 
in  turn,  greater  than  that  of  urea. 

These  differences  are  made  further  apparent  by  an  analysis 
of  the  results  presented  in  tables  1,  2  and  3. 

As  the  treating  concentration  of  the  three  substances  is 
diminished  the  ratio  between  that  concentration  and  the  final 
concentration  (that  is,  the  concentration  of  the  substance  in 
the  mixture  after  the  addition  of  the  minimal  completely  hemo- 
lytic amount  of  physiological  salt  solution)  increases  much  more 
rapidly  in  the  case  of  urea  than  it  does  with  formaldehyde  and 
in  the  latter  case  more  rapidly  than  it  does  with  boric  acid. 

The  respective  ratios  for  the  three  substances  are: 


RATIO   OP  FINAL    CONCENTRATION   TO 
TREATING  CONCENTRATION 

Highest  treating 
concentration 

Lowest  treating 
concentration 

Boric  acid                                     

1-2 

1-3.5 

1-3.1 

1-3 

Formaldehyde    

1-7.4 

Urea    

1-13.8 

Differences  in  the  osmotic  effect  of  the  three  reagents  corre- 
sponding with  those  already  described  were  revealed  in  a  com- 
parative study  of  the  quantitative  relationships  in  the  inhi- 
bition of  the  osmotic  hemolysis  with  concentrated  solutions  of 
sodium  chlorid  and  with  solutions  of  the  reagents  themselves. 

In  these  tests  the  treatment  of  the  corpuscles  and  the  de- 
termination of  the  minimal  non-hemolytic  concentrations  of 
the  various  solutions  was  conducted  in  the  manner  of  the  tests 
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presented  in  table  7  of  the  previous  paper.  The  osmotic  con- 
centrations tabulated  under  the  heading  of  A  were  determined 
with  the  cryoscopic  method. 

The  protocols  of  the  tests  are  presented  in  tables  4,  5  and  6. 

It  is  seen  that  when  the  corpuscles  were  treated  with  boric 
acid  the  osmotic  concentrations  of  the  minimal  non-hemolytic 
concentrations  of  both  sodium  chlorid  and  boric  acid  are  in  each 
instance  practically  identical  with  the  osmotic  concentration  of 
the  treating  mixture.  This  fact  demonstrates  that,  given  an 
equal  intracorpuscular  and  extracorpuscular  osmotic  pressure,  a 


Relation  oj  the  concentration  of  boric  acid  used  in  treatment  to  the  minimal  inhibiting 
concentrations  of  sodium  chloride  and  boric  acid 


TREATING  CO.VCENTRATION    OF  BORIC  ACID 

INHIBITING  CONCENTRATION 

Amount  of  a 
3.5  per  cent 
solution  in  1 
cc.  of  original 
mixture 

Per  cent 

A 

NaCl 

Boric  acid  in  physiological 
salt  solution 

Per  cent 

A 

Per  cent 

A 

cc. 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

1.75 

1.575 

1.4 

1.225 

1.05 

0.875 

0.7 

0.525 

1.115 

1.075 

1.00 

0.94 

0.88 

0.835 

0.78 

0.73 

1.85 

1.75 

1.62 

1.5 

1.4 

1.3 

1.18 

1.08 

1.095 

1.05 

0.97 

0.91 

0.85 

0.83 

0.74 

0.69 

1.54 

1.40 

1.275 

1.05 

0.945 

0.77 

0.595 

0.42 

1.07 
1.00 
0.95 
0.88 
0.84 
0.80 
0.75 
0.67 

slight  lowering  of  the  latter  results  in  an  appreciable  hemolytic 
effect. 

From  the  foregoing  considerations  it  follows  that  if  the  as- 
sumption which  we  are  examining  is  correct  it  should  be  ex- 
pected that  the  hemolysis  of  the  corpuscles  which  had  been 
treated  with  any  of  the  three  different  substances,  in  solutions 
of  the  same  osmotic  concentration,  would  be  inhibited  with 
the  same  minimal  concentration  of  sodium  chlorid. 

Here  again,  however,  the  logical  consequences  of  the  theory 
were  not  fulfilled. 
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It  is  seen  that  when  the  osmotic  concentration  of  the  treat- 
ing solution  of  boric  acid  was  1.00  the  minimal  inhibiting  os- 
motic concentration  of  sodium  chloride  was  0.91,  but  when  the 
corresponding  osmotic  concentration  of  formaldehyde  (0.98) 
was  used  for  treatment  the  minimal  inhibiting  osmotic  con,- 
centration  of  sodium  chlorid  was  only  0.747.  Furthermore, 
it  is  seen  that  the  minimal  inhibiting  osmotic  concentration 
of  sodium  chlorid  for  corpuscles  treated  with  urea  in  an  osmotic 
concentration  of  1.910  was  less  (1.00)  than  it  was  for  corpuscles 
treated  with  formaldehyde  of  about  the  same  osmotic  concen- 
tration   (1.868). 

TABLE  5 

Relation  of  the  concentration  of  formaldehyde  used  in  treatment  to  the  minimal 
inhibiting  concentrations  of  sodium  chlorid,  formaldehyde  and  boric  acid 


TREATING  CONCENTRATION 
OF  FORMALDEHYDE 

INHIBITING    CONCENTRATION 

Amount  of  a 
4  per  cent 
solution  in 
1  CO.  of  origi- 
nal mixture 

Per  cent 

A 

N 

iCl 

Formaldehyde  in 

physiological  salt 

solution 

Boric  acid  in  physio- 
logical salt  solution 

Per  cent 

A 

Per  cent 

A 

Per  cent 

A 

cc. 

0.5 

2.0 

2.035 

2.1 

1.26 

1.6 

1.7 

0.45 

1.8 

1.868 

2.0 

1.242 

1.4 

1.55 

0.4 

1.6 

1.70 

1.8 

1.082 

1.24 

1.4 

0.35 

1.4 

1.55 

1.7 

1.0 

1.16 

1.35 

1.47 

1.03 

0.3 

1.2 

1.40 

1.6 

0.95 

1.0 

1.244 

1.225 

0.94 

0.25 

1.0 

1.244 

1.5 

0.91 

0.72 

1.05 

1.40 

0.905 

0.2 

0.8 

1.091 

1.3 

0.83 

0.56 

0.93 

0.945 

0.84 

0.15 

0.6 

0.98 

1.2 

0.747 

0.4 

0.867 

0.77 

0.8 

Similar  discrepancies  are  disclosed  in  the  quantitative  results 
obtained  when  the  treated  corpuscles  were  tested  with  so- 
lutions of  the  three  hemolytic  reagents.  For  example,  when 
the  corpuscles  had  been  treated  with  urea  the  osmotic  concen- 
trations of  the  minimal  non-hemolytic  concentrations  of  boric 
acid  were  always  practically  the  same  as  those  of  sodium  chlorid, 
but  these  were  less  than  the  corresponding  ones  of  formaldehyde, 
the  latter  in  turn,  being  less  than  those  of  urea.  These  dis- 
crepancies increase  as  the  treating  concentration  of  the  urea 
increases. 
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In  order  to  obtain  a  clear  understanding  of  the  significance 
of  the  results  obtained  with  the  corpuscles  treated  with  for- 
maldehyde and  urea  it  is  necessary  first  to  outline  the  con- 
sequences of  the  tests  which  must  have  been  anticipated  on 
the  basis  of  the  assumption  that  osmotic  pressure  is  a  direct 
property  of  the  solute. 

As  has  been  sho^\^l,  the  blood  corpuscular  membrane  is  per- 
fectly permeable  to  all  of  the  three  hemolytic  substances  that 
we  are  studying. 

TABLE  6 


Relation  of  the  concentration  of  urea  used  in  treatment  to  the 

minimal  inhibitinQ 

concentrations  of  sodium  chlorid,  urea,  formaldehyde  and  boric  acid 

TREATING  CONCENTRATION 
OF  UREA 

INHIBITING  CONCENTRATION 

Amount  of 
a  10  per 

cent  solu- 
tion in  1 cc. 

of  original 
mixture 

Per  cent 

A 

NaCl 

Urea  in  physio- 
logical salt 
solution 

Formaldehyde 

in  physiological 

salt  solution 

Boric  acid  in 
physiological 
salt  solution 

Per  cent 

A 

Percent 

A 

Percent 

A 

Percent 

A 

cc. 

0.5 

5.0 

1.95 

1.19 

3.5 

1.78 

1.4 

1.55 

0.45 

4.5 

1.85 

1.095 

3.0 

1.60 

1.2 

1.375 

0.4 

4.0 

1.91 

1.7 

1.0 

2.5 

1.40 

1.0 

1.244 

1.47 

1.03 

0.35 

3.5 

1.78 

1.6 

0.95 

2.25 

1.35 

0.8 

1.091 

1.225 

0.94 

0.3 

3.0 

1.60 

1.45 

0.90 

1.8 

1.2 

0.6 

0.95 

1.085 

0.905 

0.25 

2.5 

1.40 

1.35 

0.835 

1.5 

1.05 

0.4 

0.869 

0.77 

0.8 

It  is  evident,  therefore,  that,  if  osmotic  pressure  is  directly 
exerted  by  the  substance  in  solution,  that  pressure  must  be 
greatest  at  the  instant  of  the  sudden  lowering  of  the  extra- 
corpuscular  concentration,  becoming  rapidly  less  as  more  and 
more  of  the  substance  diffuses  out  of  the  cells  into  the  medium 
of  suspension. 

Hence,  in  accordance  with  the  theory  that  we  are  examining, 
a  calculation  of  the  counterpressure  that  should  be  expected 
to  inhibit  the  osmotic  hemolysis  in  any  instance  need  take  in 
consideration  only  by  the  original  (treating)  osmotic  concen- 
tration of  the  hemolytic  agent. 
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On  the  other  hand,  it  is  known  that  the  corpuscular  membrane 
is  impermeable  to  sodium  chlorid;  hence  the  medium  of  sus- 
pension that  contains  only  this  substance  should  be  considered 
as  exerting  a  counter  osmotic  pressure  which  does  not  diminish 
but  remains  constant. 

The  incompatibility  of  the  discrepancies  which  we  have  just 
been  considering  with  the  assumption  that  the  solute  exerts  a 
direct  osmotic  pressure  is  the  more  clear,  when  it  is  recalled 
that  in  the  case  of  boric  acid  only  a  slight  lowering  of  the  ex- 
tracorpuscular  concentration  of  that  substance  is  sufficient 
to  cause  a  perceptible  hemolysis  of  the  treated  corpuscles.  This 
observation  stands  in  striking  and  significant  contrast  with  the 
considerable  lowering  of  the  extracorpuscular  concentration 
of  urea  which  is  necessary  for  the  development  of  the  slightest 
degree  of  destructive  osmotic  pressure  by  that  substance. 

This  contrast  is  consistent  with  that  already  noted  between 
the  respective  ratios  of  treating  and  final  concentrations  when 
the  minimal  completely  hemolytic  amount  of  physiological 
saline  solution  is  added. 

Reviewing  the  foregoing  experiments  we  find: 

1.  That  the  same  degree  of  osmotic  hemolysis  is  not  pro- 
duced by  identical  "osmotic  concentrations"  of  boric  acid, 
formaldehyde  and  urea  nor  by  a  corresponding  lowering  in  the 
concentration  of  the  substances  in  the  medium  of  suspension 
of  the  treated  corpuscles. 

2.  That  as  the  treating  concentration  of  the  three  hemolytic 
substances  is  correspondingly  diminished  the  ratio  between 
that  concentration  and  the  final  concentration,  in  the  hemolytic 
experiment,  increases  disproportionately  with  the  different 
substances. 

3.  That  the  osmotic  hemolysis  of  corpuscles  which  have 
been  treated  with  the  three  hemolytic  substances  in  the  same 
''osmotic  concentration"  is  not  inhibited  by  identical  con- 
centrations of  sodium  chloride  nor  of  the  hemolytic  substances 
themselves. 

4.  That  all  of  these  facts  contradict  the  assumption  that 
osmotic  pressure  is  exerted  directly  by  the  solute. 
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It  will  be  seen  that  the  obstacles  presented  by  the  foregoing 
experimental  results  to  the  acceptance  of  the  theory  of  osmotic 
pressure  which  we  have  been  considering,  offer  no  hindrance 
to  the  adoption  of  the  alternative  view. 

According  to  the  latter  conception  the  destructive  force 
developed  in  osmotic  hemolysis  is  exerted,  not  by  the  hemolytic 
substance  itself,  but  by  the  water  that  diffuses  into  the  cor- 
puscles under  the  influence  of  the  higher  concentration  of  the 
hemolytic  substance  within  the  cells. 

Under  this  conception  another  factor,  in  addition  to  that 
of  the  concentration  of  the  hemolytic  agent,  must  be  taken  into 
account;  namely,  the  factor  of  time.  The  diffusion  of  water 
through  a  semipermeable  membrane  into  a  concentrated 
solution  takes  place  not  merely  in  the  first  moment  of  the 
process  of  osmosis  but  over  a  period  of  time. 

Hence,  it  is  evident  that  in  the  case  of  a  diffusible  solute, 
such  as  the  three  hemolytic  agents  employed  above,  the  de- 
gree of  destructive  pressure  developed  within  the  corpuscles, 
under  the  alternative  theory,  need  not  be  determined  solely 
by  the  original  concentration  of  the  substance  in  the  cells.  The 
degree  of  that  pressure  could  conceivably  be  dependent  on  the 
length  of  time  during  which  an  effective  inequality  of  concen- 
tration within  and  without  the  cells  is  maintained. 

In  other  words  if  one  of  the  hemolytic  substances  diffuses 
out  of  the  corpuscles  more  rapidly  than  the  others  the  higher 
intracorpuscular  concentration  of  that  substance  (upon  which 
the  inward  diffusion  of  water  depends)  is  consequently  main- 
tained for  a  shorter  time  than  in  the  latter  two  cases  and  the 
resulting  intracorpuscular  pressure  must,  therefore,  be  less. 
Hence  in  order  to  explain  the  foregoing  quantitative  differences 
in  the  hemolytic  effect  of  identical  ''osmotic  concentrations" 
of  the  three  hemolytic  agents  it  is  necessary  only  to  assume 
that  formaldehyde  diffuses  through  the  corpuscular  membrane 
more  rapidly  than  does  boric  acid  and  less  rapidly  than  does 
urea. 

For  example,  if  formaldehyde  diffuses  out  of  the  corpuscles 
more  rapidly  than  does  boric  acid  then  a  higher  original  "os- 
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motic  concentration"  of  the  former  substance  must  be  used 
in  order  to  maintain  an  effective  intracorpuscular  concentration 
over  the  period  of  time  necessary  for  the  inward  diffusion  of  a 
hemolytic  volume  of  water.  A  similar  explanation  is  applicable 
to  the  quantitative  differences  observed  between  the  hemolytic 
action  of  formaldehyde  and  of  urea. 

The  appUcation  of  this  explanation  to  the  other  consistent 
differences  in  the  behaviour  of  the  three  hemolytic  substances 
that  have  been  described  above  is  too  obvious  to  require  detailed 
analysis. 

There  remains,  however,  to  subject  the  assumption  on  which 
the  explanation  is  based  to  experimental  examination.  In 
other  words,  it  has  yet  to  be  shown  that  actually  formaldehyde 
diffuses  through  the  corpuscular  membrane  more  rapidly  than 
boric  acid  and  less  rapidly  than  urea. 

This  question  was  investigated  in  the  following  manner: 

The  unit  of  corpuscles  was  suspended  in  1  cc.  of  solutions  of 
three  reagents  in  such  concentrations  that  in  each  case,  after 
an  equahty  of  concentration  inside  and  outside  the  corpuscles 
had  been  estabhshed  the  addition  of  1  cc.  of  physiological  salt 
solution  would  cause  very  strong  hemolysis  and  the  addition 
of  2  cc.  would  cause  complete  hemolysis.  With  the  use  of 
numerous  identical  mixtures  tests  could  be  made  at  different 
intervals  of  time,  so  that  the  length  of  time  required  for  the 
equahzation  of  the  intracorpuscular  and  extracorpuscular  con- 
centration; that  is,  for  the  whole  process  of  diffusion  of  the 
substance  into  the  corpuscles,  could  be  determined  for  each 
reagent. 

The  protocol  of  this  experiment  is  presented  in  table  7. 

It  is  seen  that  under  the  conditions  of  the  test  the  diffusion 
time  of  boric  acid  was  ninety  seconds,  that  of  formaldehyde  was 
thirty  seconds,  while  that  of  urea  was  too  short — less  than  five 
seconds — to  be  accurately  measured. 

The  results  of  this  experiment,  thus,  confirm  our  assumption 
and  support  the  conclusion  that  osmotic  pressure  is  not  a  direct 
property  of  a  solute  but  is  solely  the  pressure  exerted  by  water 
which  has  passed,  by  the  yet  unexplained  process  of  diffusion, 
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TABLE  7 

Determination  of  the  diffusion  time  of  the  three  hemolytic  substances 

Treating  mixtures 

cc. 

Boric  acid  (3.5  per  cent) 0.4 

Physiological  salt  solution 0.55 

Blood  suspension 0.05 

Formaldehyde  (4  per  cent) 0.4 

Physiological  salt  solution 0 .  55 

Blood  suspension 0.05 

Urea  (10  per  cent) 0.8 

Physiological  salt  solution 0. 15 

Blood  suspension 0 .  05 


•• 

PERIOD  OF  CONTACT 

HEMOLYSIS   AFTER 

THE    ADDITION    OF 

PHYSIOLOGICAL  SALT 

SOLUTION 

Icc. 

2  cc. 

5      seconds 

0 

0 

15      seconds 

tr 

w 

30      seconds 

w 

st 

Boric  acid \ 

1      minute 
1.5  minutes 

st 

V.St 

al.c 

c 

7      minutes 

v.st 

c 

5      seconds 

tr 

w 

15      seconds 

w 

v.st 

Formaldehyde 

30      seconds 

V.St 

c 

1      minute 

v.st 

c 

7      minutes 

v.st 

c 

5      seconds 

v.st 

c 

10      seconds 

v.st 

c 

Urea J 

1      minute 

v  st 

Q 

7      minutes 

v.st 

c 
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through  a  semipermeable  membrane  to  the  side  of  the  higher 
osmotic  concentration. 

In  further  elucidation  of  this  conception  it  may  be  said  that 
there  appears  to  be  no  more  reason  to  assume  that  the  water 
which  diffuses  into  the  corpuscles  exerts  an  inward  pressure 
during  that  process  than  there  is  for  the  now  intenable  theory 
of  a  direct  outward  osmotic  pressure  on  the  part  of  the  solute. 
Such  an  assumption  would  leave  without  explanation  the  re- 
sulting hemolysis,  which  is  caused  by  the  increased  internal 
pressure  and  which  could  not  occur  if,  as  is  thought  by  some, 
the  water  diffuses  through  the  membrane  under  pressure  and 
if  such  diffusion  ceases  only  when  the  internal  pressure  becomes 
so  great  as  to  equalize  the  inward  pressure  of  the  entering  water. 

ADDENDUM 

In  view  of  the  differences  in  the  rate  of  diffusion  of  the  three 
hemolytic  agents  it  could  be  anticipated  that  when  corpuscles 
treated  with  a  substance  of  a  lesser  rate  of  diffusion  are  placed 
in  solutions  of  a  substance  of  a  higher  rate  of  diffusion  the 
equalization  of  the  intra  and  extra-corpuscular  concentration 
of  the  latter  substance  would  be  accomplished  before  all  of  the 
substance,  used  in  treating  the  corpuscles,  had  diffused  out  of 
them.  Under  these  circumstances  a  certain  degree  of  hemolysis 
should,  therefore,  be  expected,  and  the  experiment  conducted 
in  this  manner  confirmed  the  anticipation. 

The  protocol  of  this  experiment  is  presented  in  table  8. 

It  is  seen  that  in  every  case  the  solutions  of  a  substance  of 
lower  diffusion  rate  inhibited  the  hemolysis  of  corpuscles 
treated  with  a  substance  of  higher  diffusion  rate,  but  that,  on 
the  other  hand,  solutions  of  a  substance  of  higher  diffusion 
rate  could  not  inhibit  the  hemolysis  of  corpuscles  treated  with 
a  substance  of  lower  diffusion  rate.  It  was  found,  furthermore, 
that  no  concentration  of  urea  was  able  to  inhibit,  in  the  least 
degree,  the  hemolysis  of  corpuscles  treated  with  boric  acid. 

In  conclusion  I  wish  to  express  my  indebtedness  to  Dr.  A.  F. 
Coca  for  his  kind  advice  and  direction  in  carrying  out  these 
experiments. 
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Showing  the  inhibiting  effect  of  "iso-osmotic" solutions  of  boric  acid,  formaldehyde 
and  urea  upon  the  hemolysis  of  corpuscles  treated  with  those  substances 

Treating  mixtures 

'       ce. 

Boric  acid  solution   (3.5  per  cent) 0.5 

Physiological  salt  solutions 0.45 

Blood  suspension 0.05 

Formaldehyde  solution  (4.0  per  cent) 0.5 

Physiological  salt  solution 0.45 

Blood  suspension 0.05 

Urea  solution  (10  per  cent) 0.75 

Physiological  salt  solution 0.2 

Blood  suspension 0.05 


ADDING    (ICC.) 

TREATING 

1.8  per  cent  solu- 
tion of  ClNa 
A  =  1.082 

Boric  acid  in 
physiological  salt 
solution,  1.56  per 

cent,  A  =  1-078 

Formaldeyde  in 

physiological  salt 

solution,  0.8  per 

cent,  A  =  1.091 

Urea  in  physio- 
logical salt  solu- 
tion, 1.6  per  cent 
A  =  1.09 

Boric  acid 

0 
0 
0 

0 
0 

St 

0 

c 

Formaldehyde 

Urea         

st 
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The  first  recorded  experimental  observation  of  cutaneous  sen- 
sitiveness in  allergy,  is  found  in  the  classic  monograph  of  Blackley 
(1)  in  which  the  causal  relationship  of  the  pollens  to  seasonal  hay 
fever  was  demonstrated. 

Blackley,  on  several  occasions  appHed  some  pollen  to  the  sur- 
face of  the  skin,  which  had  been  abraded  as  for  small  pox  vaccina- 
tion and  each  time,  he  obtained  a  deep  and  extensive  swelling  of 
the  skin. 

In  a  case  of  hypersensitiveness  to  buckwheat,  reported  by 
H.  L.  Smith  (11)  in  1909,  and  supposed  by  that  author  to  be  a 
case  of  "fagopyrismus,"  an  experiment  similar  to  that  of  Blackley 
was  carried  out  by  Rufus  Cole.  Cole  used  a  sterilized  infusion 
of  buckwheat  which  he  rubbed  into  a  scarified  area  of  the  skin. 
This  treatment  resulted  in  the  formation  of  a  wheal  of  the  size 
of  a  silver  half-dollar  and  in  the  development  of  severe  constitu- 
tional symptoms. 

'  This  series  of  studies  has  been  carried  on  in  connection  with  the  Clinic  of 
Applied  Immunology  opened  February,  1919,  at  the  New  York  Hospital.  Dur- 
ing the  first  two  years  funds  for  the  maintainance  of  the  clinic  and  of  the  labora- 
tory in  conjunction  with  the  clinic  were  supplied  by  private  donations. 

^  Publication  of  this  paper  has  been  deferred  in  order  that  it  might  appear  with 
the  other  papers  of  this  series. — (Editors) 
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In  the  following  year,  Schmidt  (10)  reported  a  series  of  obser- 
vations on  the  reactivity  of  the  skin  to  Puro,^  and  a  trypsin 
digested  milk.  The  purpose  of  Schmidt's  investigation  was  to 
search  for  any  possible  differences  in  the  cutaneous  reaction  to 
these  materials.  In  this  main  idea  he  failed,  probably  because 
no  suitable  cases  of  hypersensitiveness  to  the  substances  in  his 
preparations  was  encountered. 

Schmidt  adopted  the  von  Pirquet  technic.  The  reactions  that 
he  did  observe  reached  their  greatest  intensity  after  sixteen  to 
eighteen  hours;  they  were  thus  quite  different  from  those  elicited 
in  allergy,  which,  with  the  von  Pirquet  technic  are  at  their  height 
within  thirty  minutes. 

After  Cole's  experiment,  the  first  successful  attempt  to  make 
diagnostic  use  of  the  skin  reactivity  in  allergy  was  reported 
by  Oscar  M.  Schloss  (8)  in  1912  in  a  case  of  allergy  to  egg,  almond 
and  oat.  Schloss  used  the  von  Pirquet  borer  for  applying  the 
tests,  which  were  made  with  isolated  proteins  of  eggwhite  and 
preparations  from  the  other  two  foods. 

There  is  no  doubt  that  this  well  conceived  pioneer  work  of 
Schloss  inspired  much  of  the  subsequent  investigation  of  others, 
yet  acknowledgement  of  his  service  is  omitted  in  most  of  the 
Uterature  of  the  subject. 

Goodale  (6),  in  1916  wrote,  ''It  has  been  known  for  some  years 
that  an  individual  sensitized  to  a  given  proteid  may  exhibit  a 
characteristic  reaction  if  the  proteid  is  brought  in  a  soluble  form 
in  sufficient  concentration  into  contact  with  a  scratch  in  the 
skin." 

I.  Chandler  Walker  (13)  in  1917  wrote,  "It  has  been  known 
for  some  years  that  an  individual  sensitized  to  a  given  proteid 
may  exhibit  a  characteristic  reaction  if  the  proteid  is  brought  in 
a  soluble  form  in  sufficient  concentration  into  contact  with  a 
scratch  in  the  skin." 

In  all  of  Walker's  investigations,  the  skin  tests  have  been 
made  according  to  the  Schloss  technic,  and  since  1916,  the  test 

»  A  commercial  preparation  composed  of  meat  extract,  egg  white,  glycerin  and 
salts. 
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material  has  usually  been  applied  in  the  form  of  a  powder  repre- 
senting the  dry  residue  of  an  extract  of  the  original  material. 

The  method  of  preparation  of  the  test  substance  is  found  in  a 
paper  by  Wodehouse  (17).  The  material  is  extracted  with  water 
and  the  extract  is  dried  with  the  use  of  an  electric  fan  until  it 
becomes  of  a  syrupy  consistency.  To  this  fluid  are  added  three 
to  four  volumes  of  95  per  cent  alcohol  and  the  resultant  pre- 
cipitate is  washed  with  alcohol  95  per  cent,  absolute  alcohol  and 
ether. 

Talbot  (12)  referred  to  the  ''brilliant  investigations  of  Oscar 
M.  Schloss."  This  author  applied  the  skin  test  according  to 
Schloss. 

In  1910  Moss  (7)  urged  the  use  of  a  cutaneous  test  before  the 
reinjection  of  antitoxic  serum  and  in  the  test  he  employed  an 
intradermal  injection  method  injecting  0.01  cc.  of  undiluted 
serum.  The  reactions,  which  he  observed,  occurred  at  con- 
siderable intervals  after  the  injections  (ten  to  twenty-four  hours) 
and  were,  therefore,  different  from  the  immediate  reactions  seen 
in  the  natural  allergies.  On  account  of  the  Umited  scope  of  this 
investigation,  the  technic  adopted  by  Moss  did  not  become  gen- 
erally known  nor  used. 

In  1911,  Robert  A.  Cooke  (3,  4),  began  his  independent  studies 
in  allergy.  From  the  beginning  Cooke's  chief  purpose  was  the 
application  of  the  principle  of  desensitization  in  the  prevention 
and  treatment  of  the  symptoms  of  allergy  and  as  this  involved  the 
injection  of  the  substance,  it  was  convenient  to  use  the  latter  in 
Uquid  form.  It  was  convenient,  also,  in  using  the  liquid  prepara- 
tions for  the  skin  test,  to  apply  them  by  the  intradermal  or 
injection  method,  and  this  method  was  adopted  by  Cooke  and 
employed  by  him  and  his  assistants  and  pupils  to  the  present 
time.  This  method  is  the  same  as  that  used  afterwards  by 
Schick  in  his  well  known  test  of  immunity  to  diphtheria. 

Thus  there  are  in  use  at  present  two  different  methods  of  test- 
ing the  skin  in  allergic  conditions,  the  method  of  Schloss,  which 
we  shall  refer  to  as  the  cutaneous  or  scratch  test  and  the  method 
of  Cooke,  which  may  be  designated  as  the  intradermal  or  in- 
jection test. 
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Regarding  the  relative  efficiency  of  the  two  methods  Schloss 
(9)  expresses  the  opinion  that  the  intradermal  test  is  more 
sensitive  than  the  cutaneous,  but  thinks  the  former  is  "apt  to 
be  misleading.     Pseudo-reactions   occur  which   are  difficult  to 

interpret, On  two  occasions  I  have  seen  severe 

infections  due  to  such  tests." 

I.  C.  Walker  and  J.  Adkinson  (16)  have  attempted  a  comparison 
of  the  two  methods.  From  the  published  report  of  their  ex- 
periments it  is  evident  that  these  authors  were  seriously  handi- 
capped by  a  lack  of  acquaintance  with  the  proper  method  of 
applying  the  intradermal  test  and  by  inexperience  in  inter- 
preting the  reactions  produced  by  this  test.  They  injected  0.1 
cc,  which  is  five  to  ten  times  the  volume  of  fluid  necessary 
for  this  mode  of  appUcation  and  they  arbitrarily  considered  that 
''any  appreciable  increase  over  these  normal  measurements  (of 
the  swelling  produced  mechanically  by  this  large  injection)  means 
a  positive  reaction." 

This  unfortunate  circumstance  vitiates  all  of  their  comparative 
experiments  and  consequently  nullifies  their  conclusions.  In- 
cidentally, one  of  these  conclusions  is  that  the  intradermal 
test  is  "much  too  sensitive,  therefore  it  is  not  an  index  to  proper 
treatment."  In  this  connection  it  may  be  observed;  first,  that 
there  is  no  need  for  such  an  index;  secondly,  that  the  intradermal 
reaction  properly  applied  is  distinctly  modified  by  specific  treat- 
ment in  a  way  that  could  be  used  if  it  were  necessary  and  thirdly, 
that  the  advantage  claimed  for  the  scratch  test  by  the  authors 
mentioned  depends,  as  we  shall  show,  upon  a  serious  defect  in  that 
test — a  defect  evidenced  by  the  fact  that  it  produces  a  positive 
reaction  only  in  the  more  sensitive  individuals.  In  other  words, 
after  treatment  has  been  carried  to  a  certain  point  the  scratch 
test  is  no  longer  able  to  produce  a  positive  reaction.  In  the 
present  communication  it  is  intended  to  report  the  results  of 
comparative  skin  tests  carried  out  on  the  same  individuals  with 
the  two  methods,  and  as  different  materials  were  used,  the 
investigation  also  compared  the  dry  extracts  with  the  fluid 
preparations. 
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TECHNIC 

The  intradermal  or  injection  test 

The  fluid  preparations  used  for  these  tests  were  obtained  from 
the  Department  of  AppHed  Immunology  in  the  New  York 
Hospital.  The  methods  of  preparing  these  materials  are  de- 
scribed elsewhere  in  this  issue  (2).  The  fluid  preparations  of 
horse  dander  contained  0,04  mgm.  of  protein  nitrogen  per 
cubic  centimeter;  those  of  the  other  materials  contained  0.5 
miligrams  of  nitrogen  per  cubic  centimeter. 

The  injection  of  the  fluid  was  made  with  the  tuberculin  syringe, 
which  is  graduated  in  hundredths  of  a  cubic  centimeter.  The. 
hypodermic  needles  were  of  26  gauge.  The  syringe  and  needles 
were  sterilized  by  boiling. 

The  injection  was  made  into  the  skin  on  the  outer  aspect 
of  the  upper  arm.  About  0.01  cci  was  injected,  forming  an  eleva- 
tion about  2  to  3  mm.  in  diameter.  Previous  to  the  injection  the 
skin  was  cleansed  with  alcohol. 

The  results  of  the  intradermal  tests  were  noted  five  to  ten 
minutes  after  the  injection,  the  height  of  the  reaction  being 
reached  within  that  time. 

The  cutaneous  or  scratch  test 

These  tests  were  carried  out  with  two  different  kinds  of  prep- 
arations. One  was  in  the  form  of  a  powder  supplied  by  a 
commercial  organization  and  obtained  in  the  open  market. 
The  other  was  the  same  as  those  used  for  the  intradermal  tests. 

The  dry  preparations  were  used  as  follows:  An  abrasion  or 
scratch  \  inch  (3  mm.)  long  was  made  with  a  von  Pirquet  borer, 
on  the  flexor  surface  of  the  forearm.  The  abrasion  was  not  made 
deep  enough  to  draw  blood.  A  small  quantity  of  the  powder  was 
applied  to  the  abrasion,  moistened  with  a  drop  of  decinormal 
sodium  hydrate  solution  and  rubbed  into  the  scratch.  For  the 
purpose  of  control  a  similar  abrasion  was  made  into  which  only 
the  decinormal  alkali  was  rubbed.  After  twenty  to  thirty 
minutes  the  test  mixture  was  washed  off  with  50  per  cent 
alcohol  and  the  result  was  noted. 
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When  the  scratch  test  was  carried  out  with  the  fluid  prepara- 
tions, a  drop  of  the  latter  was  rubbed  into  the  abrasion,  without 
addition  of  sodium  hydrate.  In  these  cases  the  control  tests 
were  made  with  sterile  normal  salt  solution.  The  results  of  these 
tests  were  noted  after  five  to  twenty  minutes. 

A  positive  reaction  in  both  tests  was  determined  by  the  forma- 
tion of  a  wheal  with  an  area  of  erythema  surrounding  it.  To 
be  of  diagnostic  significance  the  wheal  must  be  at  least  0.5  cm. 
in  diameter.  If  the  wheal  was  1-2  cm.  in  diameter  the  reaction 
was  given  the  designation  of  +  + ;  if  the  diameter  of  the  wheal 
exceeded  2  cm.  the  reaction  was  designated  +  +  +.  In  the  larger 
reactions  irregularity  of  outline  of  the  wheal  was  noted  and 
''pseudopod"  formation,  which  was  more  common  and  more 
marked  with  the  intradermal  test. 

The  comparative  tests  were  carried  out  with  the  following 
preparations : 

Animal  emanations.     Horse,  dog,  cat,  rabbit,  goose. 

Foods.     Egg  white,  wheat,  milk  albumin,  casein. 

The  individuals  upon  whom  the  comparative  tests  were  per- 
formed were  all  subject  to  asthma. 

The  causal  relationship  of  the  respective  material  to  the  asth- 
matic symptoms  in  each  case  was  established  on  two  or  more 
grounds,  which  are  enumerated  below  and  designated  in  the 
tables  by  the  corresponding  numbers. 

1.  Symptoms  appear  after  contact  with  or  upon  proximity 
to  the  original  material. 

2.  Asthmatic  symptoms  develop  after  a  diagnostic  injection. 

3.  Asthmatic  symptoms  disappear  after  a  course  of  thera- 
peutic injections. 

4.  Sjnnptoms  disappear  upon  avoidance  of  or  removal  of  the 
original  material. 

It  will  be  seen  that  in  every  case  the  intradermal  test  with  the 
respective  protein  resulted  positively.  Objection  may  be  made 
to  our  selection  of  cases  on  the  ground  that  it  was  made  with 
reference  to  the  result  of  the  intradermal  test.  We  can  only 
reply  to  such  objections,  that  with  the  most  conscientious  ob- 
servation of  the  cases  presenting  themselves,  we  have  encountered 
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among  those  clinically  sensitive  to  the  proteins  used  in  this 
comparative  study,  none  in  which  the  intradermal  tests  with  the 
respective  protein  resulted  negatively.  Our  experience  with 
most  fruit  juices  has  been  different  from  this.  With  these 
preparations,  we  have  observed  some  negative  reactions  in 
individuals  that  were  clearly  sensitive  to  the  original  material. 

The  results  of  the  comparative  tests  are  presented  in  tables  1 
to  6. 


ANIMAL  EMANATIONS 

Commercial. 

Fluid  preparations  (Coca) 

RELATION  OK 

NUMBER 

CASE 

ORIGINAL  MATERIAL 

Horse  dander 

Horse  epithelium 

ESTABLISHED   BY 

Scratch  test 

Intradermal 

Scratch 

1 

2686  C 

+ 

+  + 

Not  done 

1,  3  and  4 

2 

61181c 

+ 

+  +  + 

+ 

1  and  4 

3 

67090c 

+  + 

+  +  + 

++ 

1,  3  and  4 

4 

67250c 

+ 

+  +  + 

+  + 

1  and  4 

5 

65423c 

+  + 

+  + 

+  + 

1,  3  and  4 

6 

67602c 

+ 

+  +  + 

+  + 

1  and  4 

7 

68146c 

+  + 

+  +  + 

++ 

1,  3  and  4 

8 

66140c 

+ 

+  +  + 

+  + 

1,  3  and  4 

9 

70446c 

+ 

+  +  + 

++ 

1  and  4 

10 

69670c 

+ 

+  +  + 

++ 

1  and  4 

11 

2711  C 

— 

+  +  + 

+  + 

1,  3  and  4 

12 

581    C 

— 

+  +  + 

+  + 

1,  3  and  4 

13 

67351c 

- 

+  +  + 

++ 

1,  3  and  4 

14 

67787c 

- 

+  +  + 

+  + 

1,  3  and  4 

15 

66767c 

- 

+  +  + 

+  + 

1  and  4 

Summary 

15 

Positive  10 
Negative  5 

Positive  15 

Positive  14 

The  individual  tables  need  no  explanatory  comment.  The 
results  in  each  series  were  concordant  in  the  sense  that : 

1.  The  intradermal  test  is  superior  to  the  cutaneous  or  scratch 
test. 

2.  The  fluid  preparations  made  according  to  the  methods  of 
Coca  are  superior  to  the  corresponding  dry  commercial  prepara- 
tions. 
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CASE 

ANIMAL   EMANATIONS 

NUMBER 

Commercial 
powder 

Fluid  preparations  (Coca) 

RELATION  OF 

ORIGINAL  MATERIAL 

TO  SYMPTOMS 

Dog  hair 

Dog  epithelium 

ESTABLISHED  BY 

Scratch  test 

Intradermal 

Scratch 

1 

2686  C 

+ 

+  +  + 

+  +  + 

1  and  4 

2 

61181c 

+ 

+  +  + 

+  + 

1  and  4 

3 

67090c 

+  + 

+  +  + 

+  + 

1  and  4 

4 

65423c 

+ 

+  +  + 

+  + 

1  and  4 

5 

66804c 

+ 

+  + 

+  + 

1  and  4 

6 

69670c 

+ 

+  +  + 

+  + 

1  and  4 

7 

2691  C 

- 

+  +  + 

Not  done 

1,  3  and  4 

8 

67351c 

— 

+  +  + 

+  + 

1  and  4 

9 

2782  C 

— 

+ 

+ 

1  and  4 

10 

18B 

- 

+  +  + 

1  and  4 

11 

67096c 

- 

+  +  + 

- 

1  and  4 

12 

61B 

- 

+  +  + 

++ 

1,  3  and  4 

Summary 

12 

Positive    6 

Positive  12 

Positive  9 

Negative  6 

Negative  0 

Negative  2 

ANIMAL   EMANATIONS 

Commercial 

Fluid  preparations  (Coca) 

RELATION  OF 

CASE 

Rabbit  hair 
powder 

Rabbit  epithelium 

TO  SYMPTOMS 
ESTABLISHED  BY 

Scratch  test 

Intradermal 

Scratch 

1 

67250c 

+  +  + 

+  +  + 

+  + 

1  and  4 

2 

66761c 

+ 

+  + 

+  + 

1  and  4 

3 

66769c 

+ 

+  + 

+ 

1  and  4 

4 

68146c 

+  + 

+  +  + 

+  + 

1  and  4 

5 

66804c 

+  + 

+  +  + 

+  + 

1  and  4 

6 

63B 

+ 

+  +  + 

+ 

1  and  4 

7 

2713C 

— 

+  +  + 

+ 

1  and  4 

8 

69670c 

— 

+  +  + 

- 

1  and  4 

9 

48B 

- 

+  +  + 

- 

1,  3  and  4 

Summary 

0 

Positive  6 

Positive  9 

Positive  7 

Negative  3 

Negative  0 

Negative  2 

ANIMAL  EMANATIONS 

Commercial 

Fluid  preparations  (Coca) 

RELATION  OF 

CASE 

ORIGINAL  MATERIAL 

TO    SYMPTOMS 

Goose  feathers 
powder 

Goose  epithelium 

ESTABLISHED  BT 

Scratch  test 

Intradermal 

Scratch 

1 

2713  C 

+  -1- 

+  +  + 

Not  done 

1  and  4 

2 

61181c 

+  + 

+  +  + 

+  + 

1,  3  and  4 

3 

.    67090c 

+  + 

+  +  + 

+  + 

1  and  4 

4 

67250c 

+  + 

+  +  + 

+  + 

1  and  4 

5 

66804c 

+ 

+  + 

+  + 

1  and  4 

6 

2648  C 

- 

+  +  + 

Not  done 

1  and  4 

7 

1949  C 

- 

+  +  + 

Not  done 

1  and  4 

8 

67351c 

— 

+  +  + 

+  + 

1  and  4 

9 

66769c 

— 

+  +  + 

+  + 

1  and  4 

10 

67602c 

— 

+  +  + 

+  + 

1  and  4 

11 

67787c 

- 

+  +  + 

+ 

1  and  4 

12 

2782  C 

- 

+ 

+  + 

1  and  4 

13 

68146c 

- 

+  +  + 

-1- 

1  and  4 

14 

66146c 

- 

+  +  + 

+ 

1  and  4 

Summary 

14 

Positive  5 

Positive  14 

Positive  11 

Negative  9 

Negative  0 

Negative  0 

ANIMAL   EMANATIONS 

Commercial 

Fluid  preparations  (Coca) 

RELATION  OF 

CASE 

TO  SYMPTOMS 

Cat  hair 
powder 

Cat  epithelium 

ESTABLISHED  BY 

Scratch  test 

Intradermal 

Scratch 

1 

2739  C 

+ 

+  +  + 

+ 

1,  3  and  4 

- 

+  +  + 

+ 

1,  3  and  4* 

2 

61181c 

+  + 

+  +  + 

+ 

1  and  4 

3 

67090c 

+ 

+  +  + 

+  + 

1  and  4 

4 

66761c 

+ 

+  +  + 

+  + 

1  and  4 

5 

67351c 

+ 

+  +  + 

+  + 

1  and  4 

6 

66995c 

+ 

+  +  + 

+  + 

1  and  4 

7 

67787c 

+ 

+ 

+ 

1  and  4 

8 

2782  C 

+ 

+  +  + 

+  + 

1  and  4 

9 

70446c 

+ 

+  +  + 

+  + 

1  and  4 

10 

2601  C 

- 

+  +  + 

Not  done 

1  and  4 

11 

2711  C 

- 

+  +  + 

- 

1,  3  and  4 

— 

+  +  + 

_ 

1,  3  and  4* 

12 

2713  C 

- 

+  +  + 

_ 

1,  3  and  4 

13 

60670c 

- 

+  +  + 

+  + 

1  and  4 

14 

15B 

- 

+  +  + 

+  + 

1,  2,  3,  and  4 

15 

67096c 

- 

+  +  + 

- 

1  and  4 

Summary 

17 

Positive  9 

Positive  17 

Positive  12 

Negative  8 

Negative  0 

Negative  4 

Test  2  weeks  later. 
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CASE 

FOOD  PROTEINS 

Commercial 

Fluid  preparations  (Coca) 

RELATION  OF 

Egg  white 
powder 

Egg  white 

TO  SYMPTOMS 
ESTABLISHED  BT 

Scratch  test 

Intradermal 

Scratch 

1 

2 
3 
4 

1949C 
66360c 
2671C 
2699c 

+  + 
+  +  + 

+ 

+  +  + 
+  +  + 
+  +  + 
+  +  + 

Not  done 

+  + 
Not  done 
Not  done 

1  and  4 
1  and  4 
1  and  4 
1  and  4 

Wheat 


5 

70248c 

_ 

+ 

+ 

1,  3  and  4 

- 

+ 

- 

1,  3  and  4* 

6 

69839c 

— 

+  +  + 

+  + 

1,  3  and  4 

7 

70831c 

- 

+  +  + 

- 

1,  3  and  4 

8 

61B 

- 

+  +  + 

- 

1  and  4 

Milk    albumin 


1949c 


4--f-+  Not  done      1  and  4 


Casein 


10 


Summary 


1949c 


Positive  3 
Negative  8 


+++ 


Positive  11 
Negative  0 


Not  done 


Positive  3 
Negative  4 


1  and  4 


Test  2  weeks  later. 


SUMMARY  TABLES  1-6 


COMMERCIAL  POWDERS 
SCRATCH  METHOD 

FLUID   PREPARATIONS 
INTRADERMAL  METHOD 

FLUID  PREPARATIONS 
SCRATCH  METHOD 

- 

+ 

++ 

+++ 

- 

+ 

++ 

+++ 

- 

+ 

++ 

+++ 

1 

5 

7 

3 

0 

0 

0 

2 

13 

0 

1 

13 

0 

2 

6 

5 

1 

0 

0 

1 

1 

10 

2 

1 

7 

1 

3 

3 

3 

2 

1 

0 

0 

2 

7 

2 

3 

4 

0 

4 

9 

1 

4 

0 

0 

1 

1 

12 

0 

3 

8 

0 

5 

8 

8 

1 

0 

0 

1 

0 

16 

4 

4 

8 

0 

6 

8 

1 

1 

1 

0 

2 

0 

9 

4 

1 

2 

0 

Summary 

39 

25 

12 

2 

5 

6 

67 

12 

13 

42 

1 
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The  first  conclusion  is  dra^\^l  from  a  comparison  of  the  middle 
and  right  hand  columns  of  the  summary  of  the  tables.  It  is  seen 
that  when  fluid  preparations  were  used,  the  reaction  was  positive 
in  all  of  the  78  cases  with  the  intradermal  method,  but  negative  in 
12  of  the  cases  with  the  scratch  method. 

The  second  conclusion  is  drawn  from  a  comparison  of  the  left 
hand  and  right  hand  columns  of  that  summary.  When  the  scratch 
method  was  used  with  the  fluid  preparations  the  reaction  was 
negative  in  12;  that  is,  about  18  per  cent  of  the  cases  tested. 
With  the  commercial  powders  the  scratch  method  resulted  nega- 
tively in  39  cases  or  50  per  cent  of  those  tested. 

The  two  methods  of  applying  the  skin  tests  must  be  compared 
in  other  respects  besides  these  that  we  have  already  discussed. 

1.  Relative  ease  of  performing  the  tests 

The  scratch  method  has  been  preferred  by  some  because  it 
was  thought  to  be  more  easily  applied  than  the  intradermal 
method.  Our  own  experience  with  the  two  procedures  has  satis- 
fied us  that  the  reverse  is  true. 

As  it  is  often  necessary  to  carry  out  the  skin  tests  with  a  number 
of  different  substances  as  well  as  with  different  dilutions  of  the 
same  substance,  the  time  required  for  the  test  is  a  practically 
important  consideration,  and  moreover  the  time  factor  may  be 
taken  as  a  fair  index  of  the  relative  ease  with  which  the  two 
methods  of  testing  can  be  applied. 

We  have  carried  out  a  series  of  52  parallel  tests  in  the  same 
individuals,  with  the  purpose  of  determining  the  relative  time 
required  for  the  appUcation  of  the  two  methods.  The  fluid 
preparations  of  Coca  were  employed  for  both  methods.  This 
was  done  for  the  following  reasons. 

The  fluid  preparations  can  be  applied  more  quickly  with  the 
scratch  technic,  than  the  dry  products  and  the  reaction  with  the 
fluid  preparations  reaches  its  maximum  sooner  than  that  with  the 
dry  products.  Moreover,  as  we  have  showTi  above,  the  cutaneous 
reaction  is  generally  more  marked  with  the  fluid  preparations, 
than  with  the  dry  ones.  The  data  obtained  from  these  parallel 
tests  are  presented  in  table  7. 
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The  results  of  these  comparative  tests  demonstrate  that  even 
with  the  more  convenient  and  more  active  fluid  preparations 
over  50  per  cent  more  time  is  required  for  the  development  of  a 
positive  reaction  with  the  scratch  technic  than  is  needed  with 
the  injection  method. 


REACTION  TIME  WITH  THE  INTBADERMAL  METHOD 

REACTION  TIME  WITH  THE  SCRATCH  METHOD 

10  minutes 

7  minutes 

10  minutes 

14  minutes 

8  minutes 

10  minutes 

11  minutes 

9  minutes 

10  minutes 

6  minutes 

10  minutes 

13  minutes 

10.  minutes 

10  minutes 

10  minutes 

10  minutes 

7  minutes 

5  minutes 

10  minutes 

9  minutes 

10  minutes 

5  minutes 

7  minutes 

17  minutes 

7  minutes 

10  minutes 

15  minutes 

14  minutes 

11  minutes 

7  minutes 

8  minutes 

7  minutes 

5  minutes 

6  minutes 

13  minutes 

9  minutes 

10  minutes 

4  minutes 

7  minutes 

7  minutes 

5  minutes 

9  minutes 

14  minutes 

18  minutes 

7  minutes 

10  minutes 

7  minutes 

10  minutes 

7  minutes 

5  minutes 

14  minutes 

8  minutes 

5  minutes 

8  minutes 

15  minutes 

17  minutes 

4  minutes 

4  minutes 

22  minutes 

10  minutes 

11  minutes 

9  minutes 

10  minutes 

13  minutes 

10  minutes 

6  minutes 

10  minutes 

11  minutes 

6  minutes 

5  minutes 

7  minutes 

8  minutes 

5  minutes 

8  minutes 

12  minutes 

11  minutes 

10  minutes 

4  minutes 

14  minutes 

10  minutes 

10  minutes 

5  minutes 

5  minutes 

12  minutes 

5  minutes 

5  minutes 

12  minutes 

14  minutes 

10  minutes 

5  minutes 

10  minutes 

11  minutes 

6  minutes 

6  minutes 

7  minutes 

8  minutes 

5  minutes 

7  minutes 

17  minutes 

13  minutes 

9  minutes 

8  minutes 

12  minutes 

9  minutes 

Average  reaction 

in  7j  minutes 

Average  reaction 

in  11|  minutes 

Earliest  reaction 

in  4    minutes 

Earliest  reaction 

in    5    minutes 

Latest  reaction  in  11  minutes 

Latest  reaction  in  22  minutes 

Less  time  is  needed  also  in  applying  the  intradermal  test, 
than  is  required  for  the  scratch  test.  With  an  adequate  supply 
of  sterile  syringes  20  intradermal  tests  can  be  made  in  five 
minutes.  With  the  dry  commercial  preparations  the  20  tests 
can  hardly  be  made  in  less  than  thirty  minutes. 
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It  is  advised  by  the  manufacturers  of  the  dry  preparations  to 
make  the  "readings"  after  thirty  minutes.  In  a  large  cUnic 
or  in  an  active  private  office^  the  shorter  time  needed  for  applying 
and  reading  the  intradermal  tests,  weighs  heavily  in  favor  of 
this  method. 

2.  Relative  convenience  to  the  patient 

With  the  intradermal  method  a  minimal  amount  of  damage 
of  damage  is  inflicted  on  the  skin — merely  the  prick  of  a  sharp, 
fine  hypodermic  needle.  With  the  scratch  method  an  incision 
I  inch  long  is  made  or  an  area  of  equal  diameter  is  abraded  by 
scraping.  The  rubbing  of  the  test  mixture  into  the  traumatized 
skin  does  further  damage.  We  believe  that  the  intradermal 
method  is  the  less  painful  of  the  two.  The  marks  of  the  injec- 
tion method  usually  disappear  within  a  week;  those  resulting 
from  the  scratch  method  often  persist  for  weeks  or  even  for 
months. 

3.  Greater  convenience  of  the  fluid  preparations 

Considerable  convenience  is  afforded  in  the  use  of  the  fluid 
extracts  by  the  fact  that  the  same  preparation  is  used  for  diagno- 
sis and  for  treatment.  This  advantage  of  the  fluid  extracts 
over  the  dry  preparations  becomes  more  important  as  the  number 
of  preparations  used  increases. 

4-  Constitutional  reactions 

All  other  factors  being  equal,  the  quantity  of  material  absorbed 
after  its  injection  should  be  greater  than  after  its  application 
to  an  abraded  surface.  Hence  it  should  be  expected  that  con- 
stitutional reactions  would  be  more  frequent  with  the  intradermal 
method  than  with  the  scratch  method.  The  writer  is  unable  to 
say  whether  this  is  actually  true.  The  experiences  of  Rufus  Cole 
cited  above  and  of  Cooke  (5)  demonstrate  that  constitutional 
reactions  may  result  from  either  the  scratch  method  or  the  in- 
tradermal method. 
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With  regard  to  the  possibihty  of  infection  resulting  from  the 
intradermal  injection,  which  was  mentioned  by  Schloss,  we  can 
only  say  that  with  ordinary  aseptic  precautions  in  the  prepara- 
tion of  the  extracts  and  in  their  use,  there  is  no  danger  of  in- 
fection. In  the  writer's  experience,  v/hich  is  in  agreement  with 
that  of  Cooke  and  that  of  Vander  Veer,  infection  would  occur 
only  as  a  result  of  gross  disregard  of  the  simple  principles  of 
ordinary  asepsis. 

SUMMARY   AND    CONCLUSIONS 

Two  methods  of  applying  the  skin  test  in  allergic  conditions  are 
in  use: 

1.  The  cutaneous  or  scratch  method  of  Schloss. 

2.  The  intradermal  or  injection  method  of  Cooke. 
Two  forms  of  test  proteins  are  in  use: 

1.  The  dry  powdered  preparations  made  according  to  the 
methods  described  by  Wodehouse. 

2.  The  fluid  preparations  originally  used  by  Cooke  and  made 
now  according  to  the  methods  described  by  Coca. 

In  a  series  of  78  comparative  tests  the  superiority  of  the  in- 
tradermal method  over  the  scratch  method  has  been  shown  upon 
the  following  grounds: 

1.  In  every  case  known  to  be  clinically  sensitive  to  a  protein, 
the  intradermal  test  with  that  protein  resulted  positively.  The 
scratch  test  with  the  corresponding  dry  preparations  resulted 
positively  in  only  half  the  cases  tested.  The  scratch  test  with 
the  fluid  preparations  resulted  negatively  in  18  per  cent  of 
the  cases  tested. 

2.  The  intradermal  method  properly  applied  is  not  so  painful 
as  the  scratch  method  and  the  resulting  markings  of  the  skin  do 
not  persist  so  long  after  the  former  method. 

3.  Less  time  is  required  for  applying  the  intradermal  method 
and  for  obtaining  the  results  than  is  needed  for  the  scratch 
method. 

4.  The  same  preparation  can  be  used  for  testing  and  for  treat- 
ment when  the  fluid  preparations  are  employed. 
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The  following  study  of  the  relative  strengths  of  various  com- 
mercial extracts  used  in  the  treatment  of  hay  fever  was  made 
because  there  is  no  recognized  standard  method  of  preparation 
of  such  extracts  and  it  was  felt  that  it  might  be  of  interest  to 
see  what  therapeutic  results  might  reasonably  be  expected  from 
their  use.  Preparations  of  four  of  the  best  known  commercial 
products  were  purchased  from  a  pharmacy  and  compared  with 
corresponding  extracts  obtained  from  the  Department  of  Applied 
Immunology  in  the  New  York  Hospital.  The  method  of  prepara- 
tion of  these  latter  extracts  is  published  by  Dr.  A.  F.  Coca  in 
this  issue  of  the  Journal  of  Immunology  (1).  The  commercial 
products  have  been  designated  A,  B,  C,  and  D,  while  those  made 
in  the  New  York  Hospital  are  labelled  E.  For  convenience  the 
last  named  extracts  will  be  referred  to  as  the  ^'Cornell  prepara- 
tions." All  of  the  five  preparations  were  in  fluid  form.  Three 
strengths  (designated  1,  2  and  3,  in  order  of  strength)  were  tested 
of  preparation  A,  three  of  B,  two  of  C,  two  of  D  and  three  of  E. 
Prehminary  tests  showed  that  only  the  very  sensitive  cases  gave 
any  ophthalmic  reactions  to  the  preparations  A,  B,  C  and  D,  hence 
our  study  was  necessarily  limited  to  a  relatively  small  group. 
Eighteen  cases  in  all  were  used  for  this  purpose  but  they  were 
not  all  tested  for  each  preparation  and  each  strength,  since  it 
is  not  practicable  to  test  with  more  than  three  or  four  extracts  at 
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one  sitting.  This  is  particularly  true  if  a  positive  ophthalmic 
reaction  is  obtained  with  one  of  the  first  extracts.  In  this  event, 
no  more  tests  can  be  made  in  this  eye  at  that  time.  As  the 
ophthalmic  reaction  often  becomes  less  pronounced  after  a  few 
therapeutic  injections  the  same  patient  cannot  be  tested  with 
other  extracts  at  a  later  date  for  comparison,  unless  it  is  deter- 
mined that  such  a  diminution  in  sensitiveness  has  not  taken  place. 
This  could  often  be  determined  by  testing  one  eye  with  the  same 
strength  of  the  Cornell  preparation  which  had  given  a  reaction 
on  a  previous  testing.     If  the  reaction  was  the  same  it  was  fair 


Chart  1 


to  assume  that  no  diminution  in  sensitiveness  had  taken  place 
and  the  other  eye  was  then  used  for  further  testing.  All  of  the 
eighteen  cases  were  tested  with  one  or  more  of  the  Cornell  prep- 
arations, while  from  six  to  ten  cases  were  tested  with  each  of  the 
other  extracts  (with  the  exception  of  preparation  A2  to  be  men- 
tioned below) .  The  results  are  tabulated  in  table  1  and  a  graphic 
representation  of  these  results  is  given  in  chart  1 .  The  following 
symbols  are  used  to  designate  reactions;  0  =  negative;  +  = 
slight;  +4-  =  moderate;  +  +  +  =  marked.  In  the  graphic 
chart  0  and  +  are  considered  negative  reactions,  while  +  +  and 
+  +  +  are  positive  reactions  for  the  intradermal  tests.     For  the 
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ophthalmic  tests,  0  indicates  a  negative  and  +,  +  +,  and  +  +  + 
indicate  positive  reactions. 

The  strength  of  the  various  preparations  is  said  by  the  pro- 
ducers to  be  as  follows : 

Al  =  1000  pollen  units;  A2  =  1250  pollen  units;  A3  =  1500 
pollen  units. 

Bl  =  10  pollen  units;  B2  =  100  pollen  units;  B3  =  1000 
pollen  units. 

CI  =0.02  mgm.  of  nitrogen  to  1  cc. ;  C2  =  0.08  mgm.  of  nitro- 
gen to  1  cc. 

Dl  =  1:1000  dilution;  D2  =  1 :  100  dilution. 

El  =  0.001  mgm.  of  nitrogen  to  1  cc,  E2  =  0.005  mgm.,  E3  = 
0.01  mgm.  of  nitrogen  to  1  cc. 

The  methods  of  determining  the  value  of  the  pollen  units  in 
preparations  A  and  B ;  of  determining  the  nitrogen  in  preparation 
C  and  of  making  the  dilution  in  preparation  D  are  not  known  to 
the  author.  The  nitrogen  in  preparation  E  was  determined  by 
the  Kjeldahl  method. 

In  comparing  the  results  of  the  tests  both  the  intradermal  and 
the  ophthalmic  reactions  were  considered  but  as  the  eye  is  less 
sensitive  than  the  skin  (by  the  intradermal  test)  and  therefore 
requires  a  stronger  solution  to  give  a  positive  reaction  the  dif- 
ference in  the  strengths  of  the  solutions  is  more  clearly  demon- 
strated in  the  chart  of  the  ophthalmic  reactions.  A  resume  of 
these  results  shows  that  (with  one  exception  to  be  noted  later) 
rough  comparisons  may  be  drawn  between  A,  B,  C,  and  D,  with 
E  as  follows:  The  activity  of  preparation  Al  is  equal  to  that  of 
preparation  El;  the  result  with  preparation  A2  must  be  disre- 
garded because  only  three  cases  were  tested  with  this  extract 
and,  while  these  all  gave  positive  intradermal  reactions,  they 
all  gave  negative  ophthalmic  reactions;  (it  happened  that  among 
the  group  of  eighteen  tested  these  three  individuals  were  com- 
paratively insensitive  and  it  is  probable  that  if  five  or  six  more 
cases  had  been  tested  enough  of  them  would  have  reacted  with 
A2  to  give  a  higher  percentage  of  ophthalmic  reactions);  the 
activity  of  preparation  A3  is  equal  to  that  of  preparation  E2; 
preparation  Bl  was  apparently  inert  as  it  produced  no  intrader- 
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mal  or  ophthalmic  reaction  in  the  eight  cases  tested ;  preparation 
B2  was  less  active  than  preparation  El;  the  activity  of  prepara- 
tion B3  is  equal  to  that  of  preparation  El ;  the  activity  of  prepara- 
tion CI  is  equal  to  that  of  preparation  El;  preparation  C2  was 
little  stronger  than  preparation  El;  preparations  Dl  and  D2 
caused  nearly  equal  reactions;  both  were  a  little  stronger  than 
preparation  El, 

No  commercial  preparation  even  approximated  the  strength 
of  preparation  E3  (0.01  mgm.  of  nitrogen  to  1  cc.)  and  the  activity 
of  preparation  A3  (the  strongest  of  A,  B,  C,  or  D)  was  about 
equal  to  that  of  preparation  E2  (0.005  mgm.  of  nitrogen  to  1  cc). 
As  it  has  been  our  experience  that  even  our  most  sensitive  eases 
(with  very  few  exceptions)  require  for  therapeutic  effect  a  maxi- 
mum dose  of  pollen  extract  containing  at  least  0.025  to  0.05 
mgm.  of  nitrogen  while  the  less  sensitive  may  need  as  high  as 
0.1  or  0.2  mgm.  of  active  pollen  nitrogen,  it  is  difficult  to  see 
how  a  good  result  can  be  expected  with  the  use  of  these  com- 
paratively weak  commercial  preparations  except  in  the  very 
sensitive  cases,  which  constitute  a  relatively  small  percentage  of 
the  total.  To  obtain  a  full  measure  of  rehef  stronger  extracts, 
should  be  used;  however,  if  this  is  done,  more  caution  must  be 
exercised  in  their  use  as  the  more  concentrated  extracts  are  more 
apt  to  cause  constitutional  reactions  (2). 

The  necessity  for  adequate  dosage  is  well  illustrated  by  the 
history  of  case  2273.  This  patient  came  to  us  in  1920  saying  that 
he  had  been  treated  during  1919  with  commercial  preparation  A 
for  both  early  and  late  hay  fever.  The  early  hay  fever  was  almost 
entirely  reheved  but  the  late  hay  fever  was  unaffected  by  the 
treatment.  Unfortunately  the  first  part  of  his  history  containing 
the  record  of  his  tests  in  1920  has  been  lost.  However,  in  1921,  he 
gave  a  positive  eye  reaction  to  an  extract  of  timothy  pollen 
(Cornell)  containing  0.005  mgm.  of  nitrogen  to  1  cc.  while  with 
ragweed  pollen  extract  (Cornell)  no  eye  reaction  was  produced 
by  concentrations  less  then  0.1  mgm.  of  nitrogen  in  1  cc.  The 
ratio  of  his  sensitiveness  to  the  pollens,  according  to  these  tests 
was,  thus,  20  to  1.  In  1920  he  received  injections  of  commercial 
preparation  A  for  his  early  hay  fever  and  a  Cornell  extract  of 
ragweed  for  his  late  hay  fever. 
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The  largest  dose  (in  terms  of  nitrogen)  of  the  latter  prepara- 
tion that  he  received  was  0.16  mgm.  Since  our  comparative  tests 
indicate  that  the  strongest  solution  of  preparation  A  contained 
only  about  0.005  mgm.  of  active  nitrogen  per  cubic  centimeter, 
it  can  be  estimated  that  the.  patient  received  30  times  as  much 
active  ragweed  pollen  protein  in  1920  as  he  had  received  in  1919. 
The  results  of  the  treatment  were  correspondingly  different,  for 
the  injections  of  the  Cornell  extract  of  ragweed  pollen  produced 
the  same  degree  of  rehef  from  the  late  hay  fever  as  had  been  at- 
tained for  the  early  hay  fever  with  preparation  A.  During  1921 
he  received  the  Cornell  extracts  for  both  early  and  late  hay  fever, 
doing  equally  well  with  both;  his  maximum  dose  (in  nitrogen) 
for  the  season  was  0.04  mgm.  of  timothy  pollen  while  his  maxi- 
mum dose  of  ragweed  pollen  was  0.16  mgm. 

This  case  plainly  illustrates  that  patients  vary  markedly  in 
their  degree  of  hypersensitiveness  and  also  in  the  size  of  the  dose 
necessary  to  relieve  their  symptoms. 

Since  this  paper  makes  a  plea  for  the  use  of  larger  therapeutic 
doses  and  more  potent  agents,  it  does  not  seem  amiss  again  to 
caution  the  reader  that  this  is  attended  with  greater  risk  of  pro- 
ducing constitutional  reactions  which  in  inexperienced  hands  can 
be  dangerous  (2). 
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DEFINITION    OF   THE   TERM 

The  term  constitutional  or  general  reaction  is  used  to  desig- 
nate the  group  of  symptoms  occurring  in  allergic  individuals 
after  the  absorption  of  an  allergen  and  its  transportation  by 
the  blood  and  lymph  into  the  systemic  circulation.  Symptoms 
therefore  occur  in  various  organs  and  tissues  affected  by  the 
allergen  and  may  be  protean  in  nature,  since  they  depend  upon 
the  structures  involved,  which  may  differ  with  the  individual 
and  the  allergen  concerned.  Such  reactions  may  take  place 
when  the  allergen  is  introduced  through  unnatural  channels,  as 
in  the  diagnostic  skin  test,  subcutaneous  or  intravenous  in- 
jection, or  through  natural  channels,  as  after  ingestion. 

DATA   USED 

The  data  for  the  present  paper  are  obtained  more  especially 
from  a  statistical  study  of  578  consecutive  cases  observed  in  1920 
and  somewhat  more  generally  from  a  personal  experience  over  a 
period  of  ten  years  in  the  diagnosis  and  treatment  of  some  four 
thousand  allergic  cases.  The  appended  protocol  gives  the  synop- 
sis of  the  61  cases  with  constitutional  reactions  occurring  in  1920. 
Table  1  includes  the  facts  relating  to  the  578  cases  of  that  year. 
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TABLE  1 
Summary  of  allergic  cases  studied  in  1920 

Number  of  cases 578 

Undiagnosed 105 

Allergic  cases 473 

Number  of  tests  on  allergic  cases 13, 576 

Allergic  cases  giving  constitutional  reaction  on  test  or  injection  (see 

protocol) 61 

Allergic  cases  giving  constitutional  reaction  (all  immediate)  on  test 10 

Number  of  constitutional  reactions  on  test 11 

Allergic  cases  therapeutically  injected 414 

Number  of  injections 5,  416 

Cases  with  immediate  constitutional  reactions  on  injection 31 

Number  of  immediate  constitutional  reactions  on  injection 42 

Cases  with  delayed  constitutional  reaction  on  injection 20 

Number  of  delayed  constitutional  reactions  on  injection 44 

Cases  with  constitutional  reaction  on  injection,  onset  time  unknown 6 

Number  of  constitutional  reactions  on  injection,  onset  time  unknown. . .  8 

Summary  of  pollen  allergies 

Cases  positive  to  pollen  extract  on  test 393 

Cases  with  constitutional  reaction  to  pollen  extract  on  test 3 

Cases  of  pollen  allergy  therapeutically  injected 310 

Number  of  pollen  extract  injections  given 4,  215 

Cases  of  pollen  allergy  with  immediate  constitutional  reaction  on  injection  28 
Number  of  immediate  constitutional  reactions  to  pollen  extract  on  injec- 
tion   38 

Cases  of  pollen  allergy  with  delayed  constitutional  reaction  on  injection  15 

Number  of  delayed  constitutional  reactions  to  pollen  extract  on  injection  38 

Cases  of  pollen  allergy  with  constitutional  reaction  on  injection,  onset 

time  unknown 5 

Number  of  constitutional  reactions  on  injection  with  pollen  extract,  onset 

time  unknown 6 

No  previous  attempt  has  been  made  seriously  to  consider  this 
subject  in  its  important  relation  to,  and  as  a  consequence  of, 
the  diagnostic  study  and  the  treatment  of  hypersensitiveness  in 
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the  human  subject.  It  is  the  object  of  this  paper  to  present 
and  to  correlate  all  the  facts  relating  to  such  general  reactions, 
as  this  type  of  work  is  being,  and  will  continue  to  be,  much 
more  generally  used  and  especially  because  of  the  dangerous  and 
sometimes  fatal  results  which  may  occur. 

In  all  of  these  cases  the  diagnostic  tests  were  made  by  the 
intradermal  method  and  a  definite  diagnosis  of  allergy  was  based 
upon  a  marked  cutaneous  reaction :  that  is,  a  wheal  with  obvious 
pseudopod  formation  surrounded  by  a  definite  zone  of  hyperemia. 
It  was  further  required  that  this  marked  positive  reaction  be 
repeatedly  confirmed.  The  preparations  used  were  those  pre- 
pared by  the  wTiter  standardized  according  to  the  nitrogen  con- 
tent. There  are  no  data  with  which  to  compare  the  relative 
frequency  of  general  reactions  occurring  with  the  hypodermic 
as  opposed  to  the  scratch  method  of  cutaneous  diagnostic  test. 
It  can  only  be  pointed  out  that  reactions  do  occur  with  the  latter 
method,  as,  for  example,  the  reaction  produced  by  Rufus  Cole 
with  buckwheat,  reported  by  Smith  (1),  using  the  scratch  test. 
Some  years  ago  the  wiiter  witnessed  a  constitutional  reaction  to 
timothy  pollen  where  the  pollen  was  apphed  to  an  abrasion  on 
the  forearm  and  dissolved  in  0.8  per  cent  salt  solution.  Within 
five  minutes  there  was  a  local  reaction  with  a  very  difinite  lym- 
phangitis extending  to  the  axilla,  with  intense  itching  in  the 
cubital  fossa  and  axilla.  This  was  almost  immediately  followed 
by  the  general  symptoms  of  erythema,  urticaria,  general  pruritus> 
asthma  and  coryza,  characteristic  of  the  general  allergic  reac- 
tion. This  Ijrmphangitis  is  very  characteristic  of  all  marked 
positive  reactions  obtained  on  the  anterior  aspect  of  the  forearm, 
even  in  the  absence  of  general  sjTuptoms,  and  gives  a  clue  as  to 
the  part  the  lymphatics  generally  must  take  in  all  local  or  general 
reactions. 

It  may  be  that  constitutional  reactions  occur  more  frequently 
after  the  intradermal  than  after  the  scratch  test.  Since  the 
general  reaction  depends  solely  upon  the  amount  of  the  active 
allergen  absorbed,  it  is  possible  that  if  such  a  difference  does 
exist  it  will  be  found  to  be  due  to  the  use,  in  the  intradermal 
test,  of  a  more  potent  extract  than  is  generally  used  in  the  scratch 
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PROTOCOL 
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Ragweed 
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Orris,       horse 
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Timothy 
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Timothy 
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Timothy 
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Ragweed 

Timothy 
Ragweed 
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Ragweed 

2416 

Ragweed 
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Ragweed 

Ragweed 
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Ragweed 
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Ragweed 
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Ragweed 

Ragweed 

Orris,  horse 

K 

2479 

Ragweed 

Ragweed 

Timothy 

Orris 

LePage 

Immedinte 

Urticaria 

2492 

Ragweed 

Ragweed 

2520 

Ragweed 

2326 

Ipucae 
Linseed 
Buckwheat 
Feathers 

Ipecac 
Linseed 
Buckwheat 
Feathers 

Linseed 

Immediate 

Asthma,  ( 
caria.    J 
tic  edei 
lasting  S 

-- 
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ON  SUBCUTANEOUS  ISIECTIOS 

ASSOCIATED 

Duration 
of  symp- 
toms 

PROBABLE  CAUSE 

REACTION 
AT  SITE  OF 

jonal  reactions 

Injection 

Onset 

,, 

INJECTION 

trom 

reacting 

of  symptons 

Symptoms 

OR  TEST 

4th 

8  hours 

2-3  days 

Asthma 

? 

Marked 

5th 

8  hours 

10  hours 

Asthma 

? 

Marked 

10th 

1  hour 
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Cough    and    urti- 
caria 

? 
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Asthma 

? 

? 

thelium 

1st 
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Asthma,      coryza, 
urticaria,       also 
nausea  and  head- 
ache  lasted   one 
week 

Patient  very  sensitive 
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1st 

Immediate 

24  hours 
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Patient  very  sensitive 
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8  hours 
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Pruritus    of    arms 
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Change  of  extract 
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8th 

12  hours 

8  hours 

Coryza,      cervical 
glands 

? 

E«light 

9th 
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8  hours 

Coryza,      cervical 
glands 

? 

Slight 

10th 

Immediate 

10  days 

Asthma,      coryza, 
cervical  glands 

Concentrated  extract 

? 

8th 

Immediate 

? 

Urticaria 

Concentrated  extract 

7 

5th 

Immediate 

4  hours 

Coryza,  erythema, 
headache       and 

Dose     increased     too 
rapidly 
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pruritus 

7th 
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Iday 

Asthma,  coryza 

? 
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Immediate 

Ihour 
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7 

? 

17th 
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Overdose 
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16th 
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? 
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12th 
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1  day 
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14th 

1  hour 

? 

Asthma,      coryza, 
urticaria 

Change  of  extract 

7 

16th 

24  hours 

6  days 

Coryza,    headache 

? 

r 

18th 

? 

? 
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eyes 

? 

7 

thelium 

0th  and 
10th 

? 

? 

Asthma 

? 

7 

ithelium  and 

10th 

4  hours 

2  days 

Coryza 

7 

7 

1 

nth 

4  hours 

2  days 

Coryza 

7 

7 

Patient  very  sensitive 

Marked 

10th 

1  hour 

3  hours 

Asthma 

Change  of  extract 

SUght 

17th 

i  hour 

? 

Asthma 

Change  of  extract 

7 

7th 

Immediate 

? 

Asthma 

7 

Moderate 

10th 

Immediate 

? 

Asthma 

7 

7 

Patient  very  sensitive 

Marked 
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5th 

Immediate 

3  hours 
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Change  of  extract 
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Asthma,      coryza, 
urticaria 

Change  of  extract 

7 

7th 

Immediate 

? 

Coryza 

Directions      not      fol- 
lowed.    Intervening 
doses  omitted 

? 

14th 

Immediate 

? 

Asthma 

Concentrated  extract 

? 

18th 

Immediate 

? 

Asthma,      coryza, 
urticaria 

Change  of  extract 

7 

ttdeUon 

2nd 

Immediate 

1  hour 

Asthma,  coryza 

Patient  very  sensitive 

aiarked 

8th 

Immediate 

2  hours 

Urticaria  in  all 

Patient  very  sensitive 

7 

GtE- 

Immediate 

4  hours 

Patient  very  sensitive 

? 

9th 

Immediate 

2-3  hours 

Corj-za 

? 

7 

13th 

Immediate 

2  days 

Asthma 

? 

7 

lath 

Immediate 

? 

Coryza,  asthma 

? 

7 

10th  to 

6  hours 

36  hours 

Urticaria 

? 

7 

20th 

Immediate 

? 

Coryza 

Change  of  extract 

7 

loth 

Immediate 

3  hours 

Coryza,      asthma, 
urticaria 

Change  of  extract 

7 

19th 

? 

? 

Asthma 

? 

None 

16th 

4  days 

4  days 

Urticaria 

? 

Moderate 

18th 

2  houra 

? 

Urticaria 

? 

Marked 

12th 

4  hours 

8  hcurs 

Asthma,  coryza 

Change  of  extract 
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17th 

3  hours 

3  days 

Urticaria,     edema 
of   eyes,    coryza 

Dose     increased     too 
rapidly 
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11th 

Immediate 

12  hours 

Asthma,      corj'za, 
urticaria 

Dose     increased     too 
rapidly 

7 

nth 

8  hours 
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Urticaria 

? 

7 

15th 

8  hours 

4  hours 
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? 

7 

1st 
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? 

Coryza,  erythema 

Patient  very  sensitive 

Marked 

17th 

6  hours 

12  hours 

Coryza,  edema  of 
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Change  of  extract 
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6th 
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Asthma,      coryza, 
urticaria 

Concentrated  extract 
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20th 

3  days 

Several 

Urticaria 

Change  of  extract 

7 

15th 

Immediate 

2  hours 

Asthma,      coryza, 
urticaria,  edema 
of  lips 

? 

7 

21st 

Ihour 

2  hours 

Urticaria 

Change  of  extract 

? 

8th 

Immediate 

7 

Asthma,      coryza, 
urticaria 

Concentrated  extract 

7 

1st 

Immediate 

? 

Severe  abdominal 
pains 

Patient  very  sensitive 

Marked 

8th 

i  hour 

2  days 

Asthma,      coryza, 
urticaria,  edema 
face 

7 

None 

13th 

1  hour 

8  hours 

Asthma,      coryza, 
urticaria,  edema 
face 

Change  of  extract 

7 

15th 
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3  days 

Asthma 

? 

SUght 
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test.     This  surmise  is  supported  by  the  experiences  of  Brown  (2) 

and  of  T.arsen,  Paddock,  and  Alexander  (3),  who  found  only 

50  per  cent  of  diagnostic  efficiency  using  the  dry  preparation 

generally  employed  for  the  scratch  test  as  compared  with  the 

fluid  preparations  used  in  the  intradermal  test. 
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use,  marks  the  beginning  of  a  period  in  which  there  are  rather 
frequent  reports  of  the  violent  reactions  and  sudden  death  follow- 
ing the  injection  of  the  antitoxic  horse  serum.  The  nature  of 
the  reaction  was  not  understood.  Gottstein  (4)  reported  several 
such  cases  in  1896.  In  1906,  Rosenau  and  Anderson  (5)  state, 
''We  have  collected  from  the  Uterature  19  cases  of  such  unfor- 
tunate results  and  know  personally  of  several  more  which  have 
not  been  reported."  Gillette  (6)  collected  30  cases  Park  (7), 
speaking  of  the  frequency  of  such  general  reactions  with  diph- 
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theria  antitoxin,  says  that  since  January  1,  1895,  using  either 
whole  serum  or  the  globulin  fraction,  thirty  thousand  cases  had 
been  injected,  with  collapse  in  two  cases;  that  over  a  period  of 
five  years,  when  an  immunizing  dose  was  used  in  all  scarlet  fever 
cases,  sixteen  thousand  cases  were  injected,  with  no  collapse; 
and  that  in  New  York  City,  inspectors  have  given  injections  to 
one  hundred  and  five  thousand  cases,  with  two  deaths,  but  no 
record  was  kept  of  cases  with  reactions  which  were  not  fatal. 
Every  death  which  did  occur  followed  a  primary  injection. 

The  hterature  since  1913  has  not  been  searched  for  the  antitoxin 
reactions  because  the  further  collection  of  cases  does  not  add 
materially  to  our  knowledge  of  the  reaction  and  because  compara- 
tively few  of  the  reactions  that  have  occurred  have  been  reported. 
We  are  not  interested  here  in  the  relative  frequency  of  the  allergic 
reaction  to  diphtheria  antitoxin.  Gillette  (6)  appears  to  have 
been  the  first  to  remark  the  similarity  of  the  clinical  reaction  to 
the  experimental  anaphylactic  reaction  in  the  guinea-pig  and  he 
further  noted  the  important  fact  that  in  man  most  of  the  severe 
reactions  with  dyspnea,  edema,  urticaria  and  pruritus,  occurred 
immediately  after  the  first  injection,  in  this  way  differing  from 
the  experimental  reaction. 

Since  this  time  the  appreciation  of  the  condition  now  known  as 
human  hypersensitiveness  or  allergy  has  greatly  increased  and, 
as  we  now  look  back  over  the  literature,  we  find  occasional 
instances  reported  of  pecuHar  reactions  to  many  different  sub- 
stances which  chemically  bear  no  relation  to  antitoxic  serum. 
Indeed,  a  great  many  reactions,  such  as  those  of  infants  and  chil- 
dren to  milk,  egg,  and  animal  danders,  were  well  known  to  the  laity 
but  occupied  no  place  in  medical  hterature.  Peculiar  drug  re- 
actions, known  as  idiosyncrasies,  were  well  recognized,  but  they 
were  not  identified  as  allergies  until  1916,  when  the  writer  noticed 
the  relatively  large  number  of  such  cases  occurring  among  hj'per- 
sensitive  individuals  and  remarked  the  similarity  of  symptoms 
of  drug  reactions  with  those  of  foreign  proteins  in  specifically 
hypersensitive  persons.  From  our  present  vantage  point  we 
can  easily  appreciate  the  reactions  obtained  by  Blakeley  (8) 
with  pollens  of  grasses,  by  Dunbar  (9)  with  ragweed  pollen  and  by 
Cole  (1)  with  buckwheat. 
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Since  the  clinical  conditions  of  bronchial  asthma,  hay  fever, 
urticaria,  angio-neurotic  e'dema  and  the  erythemas  have  been 
definitely  recognized  as  manifestations  of  human  hypersensitive- 
ness  and  since  it  has  been  demonstrated  that  diagnoses  can  be 
made  \\ith  the  well  known  cutaneous  reaction  and  that  thera- 
peutic effects  can  be  obtained  by  injection,  a  great  deal  of  work 
has  been  done  and  the  results  have  been  published,  but  a  careful 
review  of  this  literature  since  1915  shows  only  a  few  records  of 
the  general  or  constitutional  reactions  following  the  use  of  aller- 
gens specifically  applied  to  hypersensitive  individuals  for  the 
purpose  of  diagnosis  or  treatment.  Rackemann  (10)  reported 
reactions  in  two  cases  following  therapeutic  injection  so  f extract 
of  horse  dander.  Walker  (11)  mentions  but  incidentally  a  gen- 
eral reaction  following  a  therapeutic  injection  of  an  extract 
of  flaxseed.  Gustenberger  and  Davis  (12)  reported  a  reaction 
with  egg  protein,  the  intradermal  method  being  used  for  testing. 
The  writer  (13)  has  called  attention  to  the  dangers  of  the  consti- 
tutional reactions  on  injection  and  has  noted  their  frequency 
with  pollen  extracts  as  being  3.75  per  cent  in  4192  injections  in 
339  hay  fever  cases  up  to  January,  1916.  The  occurrence  of  many 
other  such  reactions  is  personally  known  to  the  writer  but  they 
have  not  been  reported  in  the  Hterature. 

SYMPTOMS   OF   THE   CONSTITUTIONAL  REACTION 

The  symptoms  of  general  reactions  in  allergic  individuals  are 
entirely  distinct  and  apart  from  the  symptoms  that  occur  in  the 
normal  man,  even  though  the  latter  be  given  one  hundred  thous- 
and times  the  amount  of  allergen  (for  example,  horse  serum). 
Allergic  symptoms  are  as  characteristic  as  those  of  a  typical 
lobar  pneumonia.  The  onset  of  constitutional  symptoms  may 
be  immediate  or  they  may  be  delayed  up  to  five  days.  Dis- 
cussion of  this  point  is  made  in  greater  detail  in  the  section  on 
''Varieties  of  the  Reaction."  In  general,  the  symptoms  are 
those  of  the  various  clinically  recognized  allergies  and  in  any 
individual  case  they  are  usually  those  from  which  the  patient 
suffers,  plus  certain  manifestations  in  tissues  not  reached  by  the 
allergen  under  ordinary  exposure.     Thus  case  2185  has  asthma, 
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coryza  and  urticaria  from  eating  fish,  and  asthma  and  coryza 
from  handUng  fish  glue  (LePage  glue).  He  showed  identi- 
cal symptoms  in  the  constitutional  reactions  after  a  test  and 
after  a  therapeutic  injection  of  the  sterile  solution  of  LePage 
glue.  On  the  other  hand  case  2197,  who  has  clinically  only  hay 
fever  from  timothy  pollen  and  never  asthma,  developed  coryza 
and  in  addition  asthma  and  glandular  swellings  in  the  neck, 
following  the  subcutaneous  injection  of  timothy  pollen  extract. 
Case  2180  had,  in  addition  to  the  usual  clinical  symptoms,  nausea 
and  severe  headache  for  a  week  following  the  first  injection  of 
horse  dander  extract.  We  can  group  constitutional  symptonas  as 
those  that  are  usual  and  those  that  are  infrequent. 

Usual  symptoms 

Coryza.  This  term  is  meant  to  include  the  ocular  s>Tiiptoms  of 
corneal  injection,  lachrymation  and  itching,  as  well  as  the  nasal 
symptoms  of  discharge,  sneezing,  and  edema  of  the  mucous  mem- 
brane causing  obstruction.  The  term  '^  Allergic  Coryza"  has 
been  employed  by  the  writer  (14)  to  designate  all  forms  of  vaso- 
motor rhinitis  that  are  allergic  in  nature.  Coryza  is  a  particu- 
larly common  symptom  of  general  reactions  and  it  may  occur 
on  the  ingestion  of  allergens  as  foods  and  drugs,  as  well  as  when 
these  substances  are  injected  for  test  or  treatment.  It  is  more 
common,  however,  with  substances  such  as  pollens,  that  are  natur- 
ally absorbed  by  inhalation. 

Asthma.  This  is  somewhat  more  common  in  cases  with  chni- 
cal  asthma  but  it  does  occur  in  cUnically  non-asthmatic  cases, 
as  no.  2197  mentioned  above.  Asthma  is  a  symptom  of  the 
bronchial  edema  which  makes  the  general  reaction  dangerous  and 
which  may  be  the  cause  of  death  from  asphyxia. 

Urticaria.  This  is  a  very  usual  manifestation  as  would  be  in- 
dicated by  the  frequent  occurrence  of  the  immediate  skin  reac- 
tion on  test.  It  is  prevented  from  being  a  usual  clinical  symptom 
by  the  fact  that  a  sufficient  amount  of  allergen  is  not  absorbed 
through  the  respiratory  mucous  membrane  and  carried  by  the 
systemic  circulation  to  the  skin. 
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Erythema.  In  some  cases  the  skin  becomes  scarlet  without  the 
appearance  of  urticarial  wheals. 

Pruritus.  This  condition  usually  accompanies  the  urticaria 
or  erythema  but  does  exist  without  either.  One  case  not  included 
in  the  1920  series  regularly  (at  least  six  times)  had  a  very  marked 
pruritus  ani  within  fifteen  minutes  after  an  injection  of  timothy 
pollen  extract. 

Edema.  The  angio-neurotic  type  of  edema  may  occur  in  any 
part  of  the  body,  and  when  once  developed,  it  takes  two  to  four 
days  for  the  condition  to  subside.  In  cases  of  allergic  coryza 
it  is  most  commonly  observed  in  the  tissues  of  the  upper  and 
lower  Hds  so  that  the  eyes  may  be  entirely  closed.  Occasionally 
the  sclera  is  also  involved  and  the  edematous  scleral  tissue  may 
protrude  between  the  hds.  Edema  of  the  glottis  has  not  been 
identified  though  it  may  have  occurred  in  the  fatal  case  cited 
later  in  this  paper,  and  edema  of  the  gastro-intestinal  tract  may 
explain  some  of  the  cases  in  which  abdominal  pain  is  a  s>inptom. 

Cough.  This  may  occur  independently  of  asthma  though  it 
is  often  associated  with  it.  It  is  violent  and  paroxysmal 
hke  the  cough  of  pertussis  and  seems  to  be  due  to  laryngeal 
irritation. 

Infrequent  symptoms 

Glandular  enlargement.  This  is  noted  twice  in  the  cases  included 
in  the  protocol,  nos.  902  and  2197.  It  has  not  been  noted  by  me 
in  more  than  six  cases.  ^\Tiile  it  is  noted  as  part  of  an  immediate 
reaction  in  case  2197,  it  is  certainly  not  itself  a  noticeable  phenom- 
enon in  less  than  three  hours  and  the  swelhngs  usually  last 
three  days.  The  submaxillary  and  cer\qcal  glands,  especially 
the  anterior  chain,  are  the  only  ones  that  have  been  observed, 
except  in  one  case  not  included  in  the  protocol,  in  which,  follow- 
ing one  of  the  injections,  the  preauricular  glands  were  so  enlarged 
that  the  condition  was  at  first  diagnosed  as  a  parotitis.  In 
this  case  following  the  next  injection  the  same  glands  became 
swollen  and  tender  and  with  them  the  cer\dcal  group.  When 
the  same  reaction  occurred  a  third  time  after  injection,  the  time 
interval  in  all  three  instances  being  about  twenty-four  hours. 
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there  could  be  no  mistaking  the  relation  between  injection  and 
glandular  enlargement. 

Headache.  This  may  be  of  a  mild  type,  frontal  or  occipital,  and, 
like  the  glandular  enlargements,  does  not  develop  immediately. 
It  may  persist,  as  in  one  case,  no.  2180,  for  a  week.  On  the  other 
hand,  headache  may  be  excruciatingly  severe  and  of  a  migrainous 
type.  The  writer  experienced  one  such  reaction  in  himself  fol- 
lowing an  injection  of  horse  dander  extract.  The  headache 
developed  in  ten  hours  and  gave  the  sensation  truly  described  as 
''splitting."  It  lasted  six  hours.  The  writer  is  otherwise  not 
subject  to  such  headache. 

Fever.  This,  together  with  chilUness,  has  been  complained  of  in 
a  few  cases  but  it  has  not  been  verified  by  actual  readings  except 
in  the  case  with  preauricular  adenitis,  when  a  temperature  of 
101°F.  was  observed  with  each  of  the  three  glandular  reactions. 
In  this  case  it  began  in  six  hours  and  lasted  for  twenty-four 
hours. 

Nausea.  Nausea  sometimes  accompanied  by  syncope  and 
vomiting  is  not  very  usual.  With  violent  immediate  reactions 
of  the  usual  type,  vomiting  may  occur  inside  of  an  hour  and  under 
these  conditions  it  is  so  copious  that  there  must  be  an  extraor- 
dinarily large  secretion  from  the  gastric  mucosa  to  account  for 
the  volume.  In  one  case,  not  included  in  the  protocol,  in  which 
a  constitutional  reaction  with  asthma  took  place  after  aspirin 
by  ingestion,  the  vomiting  followed  in  twelve  hours  and  with  it 
the  attack  ceased.  This  was  also  the  usual  cHnical  course,  ac- 
cording to  the  patient,  whose  attacks  had  for  some  time  followed 
the  use  of  aspirin  taken  for  headache  on  the  ad\dce  of  his 
physician. 

Diarrhea.  No  cases  in  the  1920  series  exhibited  this  symptom. 
I  can  recall  two  cases  in  which  diarrhea  followed  the  injection 
of  ragweed  pollen  extract.  The  attacks  started  in  six  hours  and 
lasted  from  twelve  to  twenty-four  hours.  The  regularitj*  of 
recurrence  after  injection  in  both  cases  is  the  sole  reason  for 
considering  it  a  general  reaction.  There  were  no  other  constitu- 
tional symptoms  in  these  two  cases. 
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Acute  abdominal  pain.  This  symptom  has  been  noted  in  a  few 
cases  not  in  this  series  and  has  been  attributed  to  an  angio- 
neurotic edema  of  the  gastrointestinal  tract.  Acute  abdominal 
pain,  cramphke  in  nature,  over  the  lower  abdomen,  developed 
within  one  hour  after  the  first  ragweed  injection  in  case  2227. 
The  case  was  not  observed  during  this  attack  and  there  is  no 
record  of  its  duration.  It  was  not  associated  with  vomiting  or 
diarrhea.  This  may  have  been  a  tj^De  of  reaction  similar  to 
those  discussed  under  dysmenorrhea.  The  menses  were  absent 
in  this  case  on  account  of  the  fact  that  this  patient,  a  girl,  was 
barely  thirteen  years  of  age  and  the  menses  had  not  yet  been 
established. 

Dysmenorrhea,  or  rather  an  untimely  and  scanty  menstrual 
flow,  following  acute  cramplike  pains  in  the  lower  abdomen  is 
recalled  in  the  case  of  two  women  aged  twenty-six  and  thirty- 
eight,  respectively.  In  both  of  these  cases  the  symptom  was 
part  of  an  immediate  reaction  with  asthma,  coryza  and  urticaria, 
the  menstrual  flow  itself  not  being  apparent  until  three  hours 
later  and  lasting  only  one  day.  Among  many  pregnant  women 
tested  and  treated  no  such  symptom  has  ever  appeared,  but 
extreme  caution  is  always  taken  in  such  cases,  for  abortion  might 
be  induced. 

Syncope.  This  was  not  noted  in  any  of  the  1920  series.  It 
does  occur  as  an  immediate  effect,  namely  within  one  hour,  and 
is  usually  associated  with  nausea  and  vomiting.  I  recall  but  one 
case  in  which  it  occurred  alone.  Reference  is  not  made  here  to 
those  occasional  cases  of  syncope  due  to  mental  or  nervous  in- 
stability in  which  the  patient  will  give  a  history  of  similar  attacks 
following  the  sight  of  a  hypodermic  needle  or  a  drop  of  blood. 

Cardiac  collapse.  I  recall  but  one  case  in  my  entire  experience 
in  which  this  condition  took  place  as  a  primary  symptom.  Of 
course  cardiac  dilatation  and  vasomotor  collapse  do  occur  secon- 
darily in  the  fulminating  types  of  reactions  with  extreme  dyspnea 
and  partial  asphyxia.  But  in  the  case  referred  to  above,  there 
developed,  within  one-half  hour  and  with  an  absence  of  all  usual 
general  sjmiptoms,  a  profound  weakness  and  prostration,  pallor 
and   sweating  without   the   loss   of   consciousness   of   sjmcope. 
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The  heart  rate  was  140  and  the  pulse  was  imperceptible,  with 
cold  skin  and  marked  sweating.  One  milhgram  of  strophanthin 
was  given  intramuscularly  with  adrenalin  chloride  15  minums. 
Except  for  the  adrenalin  effect  the  condition  was  normal  within 
one  hour. 

From  such  a  categorical  list  of  the  symptoms  of  a  general 
reaction,  one  draws  but  a  hazy  idea  of  the  pictures  of  the  actual 
reaction  in  the  individual  case,  but,  as  case  histories  will  be  cited 
later  illustrating  the  various  points  to  be  brought  out,  no  attempt 
will  be  made  here  to  fill  this  deficiency. 

VARIETIES   OP   THE    CONSTITUTIONAL   REACTION 

The  constitutional  reaction  can  conveniently  be  considered  as 
occurring  in  two  forms,  the  immediate  and  the  delayed. 

1.  The  immediate  general  reaction 

The  immediate  reaction  occurs  within  one  hour  after  the  aller- 
gen is  introduced.  This  more  or  less  arbitrary  time  limit  has 
been  adopted  by  the  writer  because  in  practical  chnical  work  one 
sees  a  very  large  group  whose  reactions  fall  well  within  this  limit 
of  time,  in  fact  well  within  one-half  hour.  In  some  cases  it 
ensues  on  the  instant  (within  one  minute)  and  the  severity  of  the 
symptom  is  in  direct  proportion  to  the  brevity  in  time  of  onset. 
The  sooner  the  symptoms  begin,  the  greater  their  intensity  and 
the  greater  the  danger  of  a  fatal  result.  On  the  other  hand  if 
cases  do  not  react  within  the  hour,  the  reactions  are  usually 
delayed  for  a  period  of  at  least  six  hours,  and  may  not  make  their 
appearance  for  five  days.  No  definite  reactions  have  been  identi- 
fied after  a  longer  interval  though  there  seems  to  be  no  reason 
why  they  should  not  so  occur.  The  protocol  of  the  constitutional 
reactions  accompanying  this  paper  shows  only  3  cases,  nos. 
2364,  2381,  2473,  with  4  reactions,  in  which  the  reaction  appeared 
after  one  hour  and  under  six  hours,  out  of  a  total  of  twenty  cases 
with  44  delayed  reactions;  i.e.,  after  six  hours.  While  this 
differentiation  of  immediate  and  delayed  reactions  is,  for  the 
present  at  least,  based  upon  confessedly  arbitrary  grounds,  it 


STUDIES   IN    SPECIFIC   HYPERSENSITIVENESS.      Ill 


135 


serves  a  definite  clinical  purpose  in  that  it  separates  the  intense 
and  dangerous  reactions  from  those  that  are  merely  subjectively 
disagreeable. 

Allergens  may  cause  immediate  constitutional  reactions  by 
whatever  path  they  may  be  introduced  systemically;  that  is, 
after  test,  after  injection  or  on  ingestion.  Since  these  immediate 
general  reactions  may  occur  when  the  cutaneous  reaction  is 
negative  as  well  as  when  positive,  it  will  be  well  to  discuss  separ- 
ately the  general  reactions  occurring  wdth  allergens  which  give 
a  positive  skin  test  and  those  occurring  with  allergens  which 
give  a  negative  skin  test. 

a.  When  the  cutaneous  test  is  immediately  positive.  The  imme- 
diately and  genuinely  positive  intradermal  test  is  pathognomonic 
of  a  cutaneous  hypersensitiveness  and  indicates  an  accompany- 
ing cUnical  hjT)ersensitiveness  of  the  mucous  membranes  of  the 
respiratory  tract  in  approximately  95  per  cent  of  the  cases  r^ 
acting  by  test  to  pollens  and  animal  epitheUa.  In  other  words, 
the  intradermal  test  reactions  agree  with  the  cUnical  histories 
or  can  be  cUnically  substantiated  in  95  per  cent  of  the  cases 
reacting  to  the  pollens  and  animal  epitheha.  This  has  been 
well  shown  by  Vander  Veer  in  the  following  table  based  on  studies 
of  cases  in  our  clinic. 
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When  0.01  cc.  of  extract  is  injected  intradermally  for  the  test 
according  to  the  usual  technic,  a  general  reaction  may  follow 
within  a  few  minutes.  Ten  such  cases  are  cited  in  the  protocol. 
One  had  two  reactions  wdth  different  allergens.  Thirty-one 
cases  in  the  protocol  gave  42  immediate  general  reactions  on 
therapeutic  injection  of  the  allergen.  This  is  due  directly  to 
an  overdose  and  the  time  of  onset  and  symptoms  are  exactly 
similar  to  reactions  from  the  test.  Following  is  the  history  of 
the  case  in  which  death  resulted  from  the  test. 
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Casi  2673.  Boy,  three  years  of  age,  developed  an  attack  of  asthma 
at  the  age  of  eighteen  months.  The  attack  started  with  cough,  then 
dyspnea  and  vomiting  followed.  There  was  no  coryza.  The  dyspnea 
became  increasingly  severe  until  he  passed  into  collapse  and  a  semi- 
conscious state  with  a  pulse  rate  of  160  and  marked  cyanosis.  From 
this  time  on  he  was  constantly  asthmatic  with  exacerbations.  These 
severe  attacks  lasted  from  one  to  seven  days  and  occurred  about  once  a 
month.  As  he  would  vomit  immediately  after  ingestion  of  egg,  no 
eggs  had  been  used  for  over  a  year.  He  had  mild  urticaria  at  the  age 
of  one  year.     Eczema  had  been  present  for  the  first  two  years  of  life. 

Physical  examination.  The  patient  was  an  undersized,  poorly-nour- 
ished boy.  Respiration  was  labored.  He  appeared  anemic.  There 
was  nothing  else  of  note  except  the  sibilant  sounds  and  rales  through- 
out both  lungs  and  a  marked  double  Harrison's  groove. 

On  the  first  visit  he  was  tested  with  milk,  egg  and  cereal  preparations, 
eight  tests  in  all.  Tests  with  very  dilute  egg  protein  were  only  sugges- 
tive but  the  casein  preparation  gave  a  marked  reaction.  The  cereal 
preparations  were  negative.  Two  days  later  he  was  tested  with  more 
concentrated  egg  preparations.  Ovomucoid  gave  a  moderate  reaction 
and  egg  white  globuHn  a  marked  reaction.  The  meat  extracts  were 
negative.  The  next  day  he  was  tested  as  follows:  (The  decimals 
indicate  milligrams  of  nitrogen  per  cubic  centimeter  of  solution;  0.01 
cc.  was  used  to  test.) 

Orris  roo t 0.1  negative  Chicken  epithelium ..0.5    marked 

Dust  extract negative  Horse  epithelium 0.04  slight 

Dog  epithelium 0.1  negative  Horse  serum 0.1    marked 

Cat  epithelium 0.1  negative  Rabbit  epithelium. . .  0.2    marked 

No  untoward  results  had  followed  these  tests.  The  reactions  all 
subsided  within  twelve  hours.  Two  days  later,  November  29,  1920, 
he  was  better  than  usual.    The  following  tests  were  made: 

Tests 

Ragweed 0.1  Vanilla 

Timothy 0.1  Chocolate 

Horse  epithelium 0.4  Peanut 

LePage  glue 0.1  marked  Cocoanut 

Within  two  minutes  it  was  noticed  that  the  reaction  at  the  site  of  the 
LePage  glue  test  had  spread  up  and  down  the  arm  and  there  were  many 
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fine  urticarial  spots  appearing  all  over  the  arm.  The  boy  then  suddenly 
broke  out  in  a  general  rash,  his  face  began  to  bloat  with  an  edema, 
until  his  eyes  were  closed.  Cough  and  dyspnea  were  marked  for  a 
minute,  he  was  deeply  cyanotic  and  respiration  ceased,  though  respira- 
torj'  efforts  continued  for  a  minute  longer.  Artificial  respiration  was 
attempted  but  no  air  could  be  made  to  enter  or  leave  the  chest.  The 
heart  continued  to  beat  for  a  minute  after  respiration  ceased.  He  had 
been  given  1.0  cc.  of  adrenahn  (1:1000)  intravenously  at  the  onset  of 
the  attack  and  strophanthin  0.125  mgm. 

In  my  opinion  this  was  a  genuine  allergic  death  from  asphj^iia 
and  not  due  to  any  associated  condition  of  status  lymphaticus. 
I  have  attributed  this  death  to  the  LePage  (fish  glue)  solution 
because  the  patient  was  not  very  sensitive  to  the  horse  epithelium 
as  show^n  by  the  test  on  a  pre\'ious  day  and  because  the  marked 
local  reaction  and  urticaria  started  about  the  site  of  the  LePage 
test.  In  this  case  the  LePage  solution  used  contained  0.1  mgm. 
of  nitrogen  per  cubic  centimeter;  0.01  cc,  at  most  it  can  be 
supposed  0.02  cc,  was  injected.  This  means  that  death  in  this 
case  w^as  caused  by  a  dose  containing  only  0.001  to  0.002  mgm.  of 
nitrogen. 

On  ingestion  of  the  allergen  in  its  natural  form,  where  the 
cutaneous  reaction  has  been  positive,  a  reaction  may  occur 
immediately  and,  if  the  buccal,  esophageal  and  gastric  mucous 
membranes  react  as  well,  either  the  substance  cannot  be  swal- 
lowed at  all  or  it  is  very  quickly  vomited.  This  is  the  condition 
in  many  of  the  egg  allergies  of  children.  Such  mucous  membrane 
reactions  are  in  reality  local  manifestations  but  in  certain  of  these 
cases  absorption  of  the  allergen  into  the  systemic  circulation  may 
take  place  through  the  hypersensitive  buccal  or  lingual  mucous 
membrane.  In  a  child  of  eight  years,  exquisitely  hypersensi- 
tive to  egg,  a  mild  urticaria  developed  fifteen  minutes  after  a 
piece  of  cake  containing  egg  had  been  placed  against  the  tongue 
for  a  minute.  The  saliva  was  not  swallowed  and  the  tongue 
remained  protruded  until  she  rinsed  her  mouth  out  thoroughly 
with  water  at  the  end  of  the  experiment.  The  tongue  itched  and 
was  very  red  and  slightly  swollen. 
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There  are  cases  in  which  the  gastro-intestinal  mucous  mem- 
brane appears  not  to  be  sensitive  to  a  substance  which  may- 
produce  a  general  reaction  when  the  substance  is  eaten.  An 
example  of  such  an  occurrence  is  presented  in  the  history  of 
case  2826.  This  individual,  a  woman  of  thirty-three  years  of 
age,  exhibited  the  symptoms  of  edema  of  the  hps  and  face  within 
a  few  minutes  after  the  ingestion  of  two  hazel  nuts  and  after 
twenty  minutes  she  experienced  a  severe  attack  of  asthma  that 
lasted  for  two  hours.  She  had  had  such  a  clinical  reaction  on 
two  other  separate  occasions.  Urticaria  and  pruritus  had  never 
been  a  part  of  this  chnical  reaction.  There  were  no  gastro- 
intestinal symptoms  either  at  the  time  or  subsequently.  Other 
nuts  besides  hazel  nuts  could  be  eaten  with  impunity. 

b.  When  the  cutaneous  test  is  negative.  Occasionally,  even  when 
the  skin  test  is  negative,  a  general  immediate  reaction  ensues 
after  cutaneous  test,  after  subcutaneous  injection,  or  after  in- 
gestion, that  is  unmistakable  as  to  its  cause,  as  will  be  shown  in 
the  case  1766  to  be  cited.  This  can  be  explained  on  the  assump- 
tion of  a  complete  absence  of  skin  allergy  with  a  hj^^ersensitive- 
ness  Hmited  to  the  respiratory  mucous  membrane.  In  my  ex- 
perience this  has  occurred  only  with  the  drugs  and  particularly 
with  aspirin.  The  chnical  history  bears  out  the  above  assump- 
tion, for  in  the  cases  of  aspirin  allergy,  if  urticaria  has  been  one 
of  the  chnical  symptoms  a  positive  cutaneous  reaction  is  ob- 
tained but  otherwise  the  cutaneous  reaction  is  negative.  The 
only  difference  between  the  general  reaction  that  occurs  after 
ingestion  of  aspirin  and  that  following  its  injection  is  that  twenty 
to  thirty  minutes  elapse  before  the  onset  of  symptoms  when  the 
drug  is  ingested  and  only  two  to  five  minutes  when  it  is  given  by 
injection.  This  seems  to  be  merely  a  matter  of  rapidity  of 
absorption.  In  all  the  aspirin  allergies  observed,  with  or  with- 
out positive  skin  test,  there  has  been  no  immediate  reaction  of 
the  ahmentary  mucous  membrane  when  the  drug  is  ingested  but 
the  symptoms  of  coryza  and  asthma  are  the  same  as  when  the 
drug  is  injected.  Vomiting  has  occurred  in  several  cases  eight 
to  twelve  hours  after  ingestion  and  this  act  usually  terminates 
the  attack.     This  indicates  a  central  effect.     The  following  case 


STUDIES   IN   SPECIFIC   HYPERSENSITIVENESS.      Ill  139 

illustrates  the  general  reaction  occurring  on  test,  on  injection  and 
ingestion  of  the  drug  where  the  cutaneous  test  itself  was  negative. 

Case  1766.  Age  forty,  female.  This  individual  has  had  three  attacks 
of  asthma  in  the  last  three  months  but  each  one  has  been  extremely 
severe.  The  first  attack  started  at  3  p.m.  She  had  been  in  usual 
health  and  was  on  the  street  at  the  time  and  remembers  being  just  able 
to  crawl  to  her  room.  She  described  the  sensation  of  strangling  as 
though  a  rope  were  being  pulled  tight  about  her  neck.  She  evidently  be- 
came unconscious  for  she  found  herself  on  the  floor  at  1:00  a.m.  She 
did  not  recover  for  two  weeks  during  which  time  her  chest  was  sore, 
as  though  she  had  been  beaten.  There  was  cough  and  nausea  for 
several  days,  no  headache,  no  fever  and  no  urticaria.  In  the  next 
attack  eight  weeks  later  she  was  seen  by  a  physician  within  one- half 
hour  after  the  onset  of  the  attack.  Adrenahn  was  given  and  she  was 
taken  to  a  hospital.  The  symptoms  were  the  same  as  in  the  first  at- 
tack. The  attack  was  controlled  and  lasted  altogether  three-quarters 
of  an  hour  but  she  was  ill  for  two  days  with  weakness  and  prostration. 
The  third  attack,  exactly  similar,  occurred  four  weeks  later.  It  started 
at  10  p.m.,  and  had  lasted  for  three-quarters  of  an  hour  when  morphine 
was  given.  This  attack  incapacitated  her  for  three  days.  Each  of 
these  attacks  had  occurred  on  the  third  or  fourth  day  of  the  menstrual 
period.  Physical  examination  was  practically  negative.  Closer  ques- 
tioning then  revealed  the  fact  that  she  had  been  given  a  prescription 
for  menstrual  headaches  and  that  she  had  taken  one  of  these  capsules 
twenty  to  thirty  minutes  before  each  of  the  three  attacks  of  asthma. 
They  contained  strychnin,  quinin  and  aspirin.  Quinin  bisulphate  and 
aspirin  in  solution  were  injected  intradermally.  The  amount  intro- 
duced was  less  than  t^tt  grain  of  each.  At  the  site  of  test  there  was  ab- 
solutely no  reaction,  either  immediate  or  delayed.  Within  fifteen 
minutes  after  the  test  the  patient  began  to  cough  violently,  complained 
of  a  sensation  of  filling  of  the  throat  and  thickness  of  the  tongue, 
numbness  of  the  hands  with  itching  and  dryness  of  the  lips  and  throat. 
There  was  no  erythema  or  urticaria.  These  symptoms  disappeared  in 
one-half  hour.  Six  days  later  a  test  was  again  done  with  x^^  grain  of 
aspirin.  There  was  no  reaction  at  the  site  of  test.  A  similar  but  milder 
constitutional  reaction  followed  immediately.  Five  days  later  quinin 
was  tested  with  negative  local  and  constitutional  reaction.  Then 
tttW  grain  of  aspirin  was  given  by  subcutaneous  injection  and  the  same 
immediate  general  reaction  ensued  in  five  minutes,  with  no  reaction  at 
the  site  of  injection  at  the  time  or  later. 
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2.  Delayed  constitutional  reactions 

Under  ''Immediate  Reactions"  the  reasons  were  given  for 
the  estabUshment  of  the  time  limit  of  one  hour  for  such  reactions. 
Reactions  occurring  after  this  time  are  considered  as  delayed. 

a.  When  the  cutaneous  test  is  immediately  positive.  The  writer 
has  observed  a  number  of  instances  in  which  constitutional 
symptoms  have  occurred  after  an  incubation  period  of  one 
hour  or  more  following  a  subcutaneous  injection  of  the  allergen. 
In  no  case  was  this  "delayed"  general  reaction  observed  to  follow 
the  preliminary  test  or  the  first  subcutaneous  injection  but  always 
after  a  number  of  injections  (usually  8  or  10)  had  been  given. 

In  the  protocol  appended  to  this  report  there  are  20  cases  in 
which  44  delayed  general  reactions  occurred.  It  will  be  seen 
that  these  delayed  reactions  were  always  observed  after  repeated 
pre\'ious  injection  had  been  made. 

In  striking  contrast  with  these  observations  are  the  10  cases 
in  which  constitutional  reaction  followed  the  prehminary  test. 
In  all  of  these  the  general  reaction  occurred  immediately. 

It  must  not  be  inferred  from  these  statements  that  an  im- 
mediate general  reaction  cannot  follow  the  later  injections. 
Indeed  such  an  occurrence  has  been  frequently  observed.  The 
length  of  the  time  interval  between  the  injection  and  the  onset  of 
sjTTiptoms  in  the  treated  cases  seems  to  depend  entirely  upon  the 
amount  of  allergen  injected,  for  a  sufficiently  large  amount 
of  the  allergen  may  at  any  time  produce  an  immediate  reaction. 
Rackemann's  (10)  reported  cases  bear  out  this  observation. 
In  my  own  series,  case  2292  of  the  protocol  had  given  delayed 
general  reactions  as  shown  by  urticaria,  thirty-six  hours  after 
each  injection  from  the  tenth  to  the  twentieth.  But  with  the 
twentieth  dose  (change  to  new  extract)  an  immediate  coryza 
developed.  Another  interesting  phenomenon  in  connection  mth 
delayed  constitutional  reactions  in  which  the  delay  is  induced 
by  therapeutic  subcutaneous  injections  is  that  a  local  reaction 
at  the  site  of  injection  may  be  entirely  absent  if  injections  have 
been  given  in  approximately  the  same  site,  but  here  again  a 
sufficiently  large  or  a  sufficiently  concentrated  injection  of  the 
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allergen  will  suffice  to  produce  an  immediate  reaction  at  the  in- 
jection site,  as  well  as  an  immediate  constitutional  reaction. 
The  phenomenon  of  the  delayed  general  reaction  appears  to 
be  an  expression  of  the  purely  relative  insensitiveness  which 
the  writer  in  another  article  (15)  in  this  Journal  has  chosen  to 
designate  by  the  term  ''Hyposensitization."  In  such  cases  a 
marked  positive  immediate  cutaneous  reaction  is  always  ob- 
tainable with  sufficiently  concentrated  extracts.  This  induced 
delay  of  the  constitutional  reaction  in  hyposensitive  cases  may 
obtain  whether  the  allergen  is  absorbed  from  a  subcutaneous 
injection  or  from  an  intracutaneous  test.  It  hkewise  holds  when 
the  allergen  is  absorbed  by  ingestion  as  shown  by  the  following 
history. 

Case  1107.  Age  two  years  when  seen  in  1917,  The  first  time  egg 
was  ever  given,  about  one  year  previously,  his  face,  lips  and  tongue 
became  swollen,  almost  at  once.  He  choked,  coughed  and  became 
dyspneic  and  cyanotic,  vomited  several  times  and  complained  of  ab- 
dominal pains.  The  father  has  early  hay  fever  and  the  mother  attacks 
of  urticaria.  On  skin  test  the  boy  reacted  markedly  to  the  proteins  of 
egg  white  but  not  to  egg  yolk.  He  was  given  injections  of  egg  proteins. 
After  seven  injections  he  could  eat  egg  in  pudding  in  small  amounts 
without  trouble.  After  ten  injections  he  could  take  five  teaspoonfuls 
of  soft  boiled  egg  without  trouble.  Four  more  injections  were  given 
in  this  3^ear  and  he  could  then  eat  one  egg  every  other  day  without 
trouble  until  April,  1919,  when  he  developed  cough  and  hoarseness. 
Eight  more  injections  were  given.  After  this  it  was  noted  that  he  could 
eat  an  egg  every  other  day  without  symptoms.  When  he  was  fed  one 
egg  every  day  he  developed  a  harsh  hollow  cough  by  the  second  day, 
thus  showing  the  delayed  constitutional  reaction.  When  he  was  put 
on  two  eggs  a  day  he  developed  edema  of  the  face  about  eight  hours 
later — again  a  delayed  constitutional  reaction.  All  symptoms  of  cough 
and  edema  disappeared  forty-eight  hours  after  egg  was  discontinued. 

6.  When  the  cutaneous  test  is  negative.  Delayed  constitutional 
reactions  occurring  to  allergens  to  which  cutaneous  reactions  are 
negative  belong  to  an  entirel}^  different  group  from  the  hyper- 
sensitive cases  under  consideration.  The  discussion  of  them  is 
therefore  reserved  for  a  later  paper. 
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CAUSES  OF  CONSTITUTIONAL  REACTIONS 

1.  Mode  of  introduction  of  the  allergen 

All  the  clinical  studios  in  allergy  here  presented  have  been 
carried  out  by  means  of  the  intradermal  test  and  the  subcutaneous 
injection.  Resort  is  never  had  to  intravenous  injection.  The 
rate  of  absorption  from  the  skin  and  subcutaneous  tissue  is 
approximately  the  same.  General  reactions  from  intravenous 
injection  would  undoubtedly  be  more  immediate  and  more  severe. 
In  making  the  cutaneous  and  subcutaneous  injection  it  is  per- 
fectly possible  that  at  times  the  point  of  the  needle  should  He  in  a 
small  vein  or  lymphatic  vessel  and  undoubtedly  this  does  occur 
at  times  and  may  account  for  some  of  the  constitutional  reac- 
tions resulting,  but  such  an  occurrence  is  rare  and  seems  un- 
avoidable and  is  of  no  practical  account  in  comparison  to  the 
causes  to  be  discussed  under  2,  3,  and  4. 

2.  The  reactivity  of  the  individual 

There  are  all  grades  of  reactivity  varying  from  those  that  give 
very  marked  positive  reactions  with  the  weakest  dilutions  to 
those  that  barely  can  be  said  to  be  positive  with  the  most  con- 
centrated extracts.  Naturally  those  reacting  violently  to  the 
weakest  dilutions — with  the  pollen  extracts  a  concentration  of 
0.0005  mgm.  of  nitrogen  per  cubic  centimeter — are  most  sus- 
ceptible to  the  constitutional  reactions  even  when  tests  and  in- 
jections are  properly  carried  out.  An  appreciation  of  this  vari- 
ation in  reactivity  is  of  the  utmost  practical  importance  in  the 
therapeutic  management  of  the  cases. 

3.  Activity  of  the  allergens 

Great  difficulty  was  experienced  in  the  past  by  the  instability 
of  the  extracts,  notably  the  pollen  extracts.  As  will  be  observed 
by  a  glance  at  the  protocol,  many  of  the  constitutional  reactions 
followed  a  change  of  extract;  that  is,  from  one  that  had  been  in 
use  a  few  weeks  to  a  new  and  freshly  prepared  one.  Even  by 
repeating  the  tests  and  by  diminishing  the  dose  accordingly  it 
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was  not  possible  always  to  take  sufficient  account  of  the  deteri- 
oration that  had  resulted  and  general  reactions  ensued.  In 
1921,  with  the  use  of  extracts  prepared  by  Coca  (16)  as  given  in 
another  article  in  this  issue  this  great  disadvantage  has  been 
overcome  and  we  now  have  preparations  that  have  remained 
practically  stable  for  over  ten  months. 

4.  Concentration  and  dosage  of  the  extracts 

The  concentration  of  the  allergen  used  in  the  test  and  the  total 
amount  given  by  injection  are  of  paramount  importance.  Dis- 
cussion of  these  questions  is  reserved  for  a  later  paper. 

6.  Cumulative  effects 

a.  With  the  same  allergen. 

Case  2286,  cited  in  the  protocol,  reacts  clinically  and  by  test  to  a  num- 
ber of  curious  and  unusual  allergens,  such  as  celery,  skin  of  peaches, 
raspberry  and  in  addition  has  hay  fever  and  asthma  from  the  pollens 
of  daisy,  dandelion  and  ragweed.  On  May  6,  1920,  she  was  tested  in- 
tradermally  with  extracts  of  daisy,  dandelion,  ragweed,  celery,  timothy, 
apple,  lilac,  wistaria.  The  first  four  extracts  gave  marked  cutaneous 
reactions.  She  was  then  given  by  injection  daisy  and  dandelion,  0.001 
mgm.  of  nitrogen  of  each.  There  was  considerable  local  reaction  for 
twenty-four  hours.  No  constitutional  reaction  developed.  Two  days 
later  the  same  dose  of  the  same  extract  of  daisy  and  dandelion  out  of 
the  same  bottle  produced  a  constitutional  reaction  within  one  hour  with 
asthma,  coryza  and  urticaria  as  the  symptoms.  It  is  difficult  to  in- 
terpret this  reaction  on  the  second  injection  except  on  the  assumption  of 
a  cumulative  effect,  for  on  the  first  visit  the  patient  had  actually  re- 
ceived more  than  on  the  second  as  the  tests  were  done  only  a  short  while 
before  the  first  injection  was  given. 

h.  With  different  allergens.  If  a  hypersensitive  patient  is  tested 
with  ten  to  sixteen  different  extracts  and  happens  to  be  acutely 
reactive  to  four  or  six  of  them  it  is  the  writer's  impression  that  a 
general  reaction  is  much  more  likely  to  ensue  as  a  result  of  the 
sum  total  effect  of  all  the  allergens  exerting  their  influence  upon 
the  same  reacting  mechanism.     I  have  no  case  that  affords 
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absolute  proof  of  this  assumption.  The  suggestion  is  offered 
because  it  has  a  definitely  practical  bearing  and  will  serve  as  a 
warning  against  the  carrjdng  out  of  too  many  tests  at  the  same 
time. 

6.  Allergens  which  have  caused  constitutional  reactions 

A  hst  is  here  given  of  all  the  allergens  that,  in  the  writer's 
experience  have  definitely  caused  constitutional  reactions,  either 
on  test,  injection,  or  ingestion: 


LePage 

Dog  epithelium 

Orris 

Ovo-mucoid 

Dog  saliva 

Dust  extract 

Egg  albumin  and  globulin 

Flaxseed 

Aspirin 

Pollens,  all  kinds 

Linseed 

Quinine 

Horse  epithelium 

Cottonseed 

Ipecac 

Horse  serum 

Mustard 

Chicken  epithelium 
(feathers) 

Rabbit  epithelium 

Pepper 

Duck  epithelium  (feathers) 

Rabbit  serum 

Buckwheat 

Goose         "                   " 

Cat  epithelium 

Wheat 

Nuts  (peanut,  hazelnut) 

Having  thus  outlined  the  causes  of  the  general  reaction  it  is 
obvious  that  they  may  be  avoided  by  proper  care.  Granted 
than  an  occasional  injection  or  a  test  may  be  accidentally  de- 
Hvered  in  a  venule  a  serious  reaction  will  not  occur  if;  first, 
extracts  used  are  sufficiently  dilute;  second,  injections  are  not 
repeated  too  frequently;  third,  tests,  not  to  exceed  six  or  eight, 
are  made  at  one  time.  It  is  not  the  purpose  of  this  paper  to 
outUne  instructions  for  the  use  of  extracts  made  according  to 
the  directions  of  Coca  in  another  paper  in  this  issue.  The 
object  here  is  to  call  attention  to  the  dangers  inherent  in  their 
use.  Specific  directions  for  their  use  will  be  given  in  a  sub- 
sequent paper. 


FREQUENCY   OF   CONSTITUTIONAL  REACTIONS 

It  may  be  said  that  in  the  series  presented  general  reactions 
have  ensued  with  great  frequency  and  this  is  true  for  the  year 
1920.  But  it  may  be  added  in  extenuation,  that  these  results 
occurred  in  a  serious  attempt  to  determine  the  limits  of  diag- 
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nostic  reactivity  and  to  define  the  limits  of  therapeutic  dosage. 
Furthermore,  many  hitherto  unknown  allergens  have  been  dis- 
covered and  in  the  positive  identification  of  these  reactions  have 
occurred.  The  justification,  if  such  is  needed,  lies  in  the  fact 
that  the  study  and  correlation  of  the  facts  has  enhanced  our 
knowledge  of  the  nature  of  allergy,  as  well  as  of  the  technic  of 
diagnosis  and  treatment.  The  following  table  is  based  upon  our 
series  of  473  consecutive  allergic  cases  studied  in  1920.  All  of 
the  cases  giving  constitutional  reactions  are  included  in  the 
appended  protocol. 

TREATMENT  OF  CONSTITUTIONAL  REACTIONS 

A  thorough  knowledge  of  the  treatment  of  the  reactions  should 
be  had  by  every  one  attempting  this  type  of  study.  First  of 
all,  one  should  quickly  recognize  the  onset  of  the  s\Tnptoms 
usually  shown  by  the  extensive  urticarial  wheals  developing 
about  the  site  of  the  injection  or  test  or  by  a  beginning  erythema 
or  short  paroxysmal  cough  or  increasing  dyspnea.  At  once  a 
tourniquet  should  be  tightly  applied  about  the  arm  above  the 
site  of  the  tests  or  injections  in  order  to  prevent  the  transporta- 
tion of  more  allergen  to  hypersensitive  tissue  through  the  systemic 
circulation  by  means  of  the  IjTnph  or  blood  stream.  Adrenalin 
1:1000,  1  cc.  in  adults,  in  children  0.4  to  0.6  cc,  should  be  given 
at  once  subcutaneously  or,  if  the  reaction  is  severe,  an  intravenous 
injection  of  the  same  amount.  If  there  is  a  continued  increase 
of  sjTiiptoms  the  dose  should  be  repeated  in  two  to  five  minutes. 
The  writer  has  never  seen  any  ill  effects  from  these  large  doses 
of  adrenahn  and  is  confident  that  if  it  is  used  often  enough  and  in 
large  enough  dose,  the  serious  results  of  a  reaction  can  be  avoided. 
Adrenalin  is  the  very  best  drug  available.  In  the  presence  of  a 
cardiac  dilatation  from  violent  respiratory  effort  or  in  the  pres- 
ence of  vasomotor  collapse,  strophanthin,  1  mgm.,  intravenously, 
(in  children,  a  proportionate  dose)  should  be  given  without  de- 
lay. When  the  attack  is  controlled  and  has  passed  its  peak  of 
severity,  morphin  in  proper  doses  may  be  used.  The  writer 
has  never  seen  any  advantage  in  the  use  of  atropine  in  these 
attacks  and  the  use  of  this  drug  militates  against  the  best  effect 
of  strophanthin,  should  it  be  required. 
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The  cutaneous  test  is  accepted  today  as  a  diagnostic  procedure 
in  the  study  of  human  hypersensitiveness.  The  marked  im- 
mediate cutaneous  reaction  that  can  be  confirmed  repeatedly  is 
the  evidence  of  the  hjrpersensitiveness  of  the  skin.  In  the 
writer's  article  "On  Constitutional  Reactions,"  in  this  issue  of 
the  Journal  (page  000) ,  it  is  sho^Ti  by  a  table  of  cases  that  the 
typical  cutaneous  reaction  is  likewise  indicative  of  clinical  hyper- 
sensitiveness in  at  least  95  per  cent  of  the  cases  reacting  to  the 
extracts  of  such  airborne  substances  as  pollens,  powdered  root 
of  orris  and  animal  danders. 

Bronchial  asthma  was  early  recognized  as  the  chief  clinical 
manifestation  of  the  hypersensitive  state  in  human  beings  and 
many  of  the  cases  were  readily  diagnosed  by  testing  with  extracts 
of  such  substances  as  those  mentioned  above,  easily  conceived 
and  long  known  cHnically  to  be  important  excitants  of  an  attack. 

For  those  cases  not  thus  easily  diagnosed  an  explanation  was 
sought  along  two  lines,  first  that  it  was  due  to  bacterial  proteins 
acting  as  allergens  and  secondly  that  the  paroxysm  of  asthma 
was  a  reflex  effect. 

1.  BACTERIAL  PROTEINS  AS  ALLERGENS 

The  thesis  has  been  advanced  that  the  asthmatic  paroxysm 
can  be  induced  by  the  absorption  of  bacterial  proteins  which, 
acting  as  allergens,  produce  the  symptoms  just  as  any  other 
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foreign  proteins  in  the  specifically  h^iDersensitive  man.  This 
was  perhaps  a  natural  corollary  to  the  work  already  done  on 
foreign  proteins  in  hypersensitive  humans  by  Noon,  Schloss, 
Cooke,  Goodale,  Longcope,  Talbot  and  others. 

Since  Walker  is  largely  responsible  for  the  term  "Bacterial 
Sensitization"  or  "Bacterial  Asthma,"  meaning  thereby  that  the 
bacterial  protein,  acting  as  an  allergen,  is  a  basic  etiologic  factor 
in  one  of  the  clinical  allergies  as  bronchial  asthma,  let  me  review 
his  work  for  the  facts  by  which  he  concludes  the  thesis  has  been 
sustained.  He  began  with  a  study  (1)  of  the  bacterial  flora  of 
the  nasal  and  bronchial  secretions  of  asthmatics  and  recovered 
principally  Staphylococcus  albus  and  aureus,  Micrococcus  tetra- 
genous  and  catarrhalis  and  a  new  diphtheroid  organism.  He 
carried  out  agglutination  tests  with  Staphylococcus  aureus,  using 
the  serum  of  80  asthmatics.  In  only  3  cases  was  the  test  carried 
out  with  the  serum  of  the  individual  from  whom  the  organism 
was  obtained.  In  2  of  these  cases  there  was  agglutination  and 
in  1  there  was  not.  Out  of  the  80  sera  tested,  54  agglutinated, 
some  in  dilutions  of  1:50  or  less  and  some  1:100  or  higher  up 
to  250.  No  mention  is  made  of  any  control  with  the  serum  of 
non-asthmatic  individuals.  He  concludes  (page  379)  that  no 
inferences  can  be  drawn  as  to  the  relations  between  the  isolation 
of  Staphylococcus  pyogenes  aureus  from  the  sputum  and  nasal 
secretions  of  patients  and  the  agglutination  tests  of  the  sera  of 
those  patients. 

In  his  Study  III  (2)  on  the  sensitization  of  patients  with 
bronchial  asthma  to  the  bacterial  proteins,  as  demonstrated  by 
the  cutaneous  reactions,  he  reports  on  100  asthmatics.  He  used 
a  bacterial  powder  obtained  by  centrifuging  the  bacteria  from 
normal  saline  in  which  they  were  washed.  They  were  then 
washed  twice  in  alcohol,  afterward  in  ether  and  then  pulverized. 
The  powder  was  put  on  a  scratch  and  dissolved  in  ^  sodium 
hydrate.  He  observed  five  types  of  reaction,  three  of  which  he 
calls  positive.  One  of  these  positive  types  is  the  urticarial 
wheal  which  we  recognize  as  characteristic  of  the  positive  allergic 
cutaneous  reaction,  the  second  a  small  papule  with  surrounding 
erythema,  the  other  consists  solely  of  hyperemia.     These  reac- 
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tions  develop  iii  one-half  hour  at  which  time  the  reading  is  made. 
There  is  no  reason  given  for  considering  them  positive  except 
that  67  cases  in  the  group  were  negative,  that  is  did  not  give 
the  same  hyperemia.  Ninety-seven  cases  were  tested  with 
Staphylococcus  aureus  and  19  were  considered  to  be  positive. 
Nine  of  the  19  gave  an  urticarial  wheal  as  the  evidence  of  a 
reaction.  There  were  no  controls  on  non-asthmatic  cases  re- 
ported. His  conclusion  is  that  ''In  patients  with  bronchial 
asthma,  positive  reactions  with  the  protein  of  Staphylococcus 
aureus  are  more  common  than  with  the  protein  from  other 
bacteria." 

In  the  next  study  (3)  dealing  with  the  subject  Walker  turns 
to  '"'complement  fixation  and  precipitin  reactions  with  the  serum 
of  bronchial  asthmatics  who  are  sensitive  to  the  proteins  of 
wheat  ....  and  bacteria,  using  these  proteins  as  antigens, 
and  the  cutaneous  reaction  as  an  indication  of  sensitization," 
Six  cases  of  asthma  are  presented  which  gave  a  cutaneous  reac- 
tion to  Staphylococcus  aureus  that  was  called  positive.  Three 
of  them  showed  a  positive  complement  fixation  and  3  were 
negative;  but  2  of  the  3  negative  cases  gave  positive  precipitin 
tests,  while  the  third  case,  designated  as  M.  S.  was  negative. 
Speaking  of  this  case.  Walker  says:  "Since  M.  S.  was  relieved 
of  asthma  by  Staphylococcus  pyogenes  aureus  vaccine,  and  the 
case,  J.  H.  N.,  was  greatly  improved  during  treatment  with 
desensitizing  doses  of  S.  pyogenes  aureus  protein,  the  asthma  in 
these  2  cases  would  seem  to  be  caused  by  staphylococcus  pyogenes 
aureus."  The  organism  is  not  reported  as  having  been  sought 
in  the  nasal  or  bronchial  secretions  of  this  case  M.  S.  In  con- 
clusion, Walker  states  (page  265)  that  it  is  not  possible  to  cor- 
relate the  results  obtained  with  complement  fixation,  specific 
precipitation  and  cutaneous  tests.  But  he  then  asserts  in  Study 
XIII  (4)  that  "the  cutaneous  reaction  has  proven  to  be  of  great 
value  in  determining  the  cause  of  asthma  from  bacterial  protein 
as  from  other  proteins."  He  then  proceeds  to  a  discussion  of 
"the  relationship  between  cutaneous  reactions,  serum  agglu- 
tination tests,  and  bacterial  examination  of  the  sputum  and 
nasal  secretions  in  detennining  the  part  Staphylococcus  pyogenes 


150  ROBERT   A.    COOKE 

aureus  and  alhiis  may  play  in  the  cause  of  bronchial  asthma." 
The  author  states  that  30  cases  form  the  chief  basis  of  this 
paper,  whereas  only  21  appear  accounted  for  in  the  text,  5  under 
protocol  I,  2  under  protocol  II,  5  under  protocol  III,  3  under 
protocol  IV,  used  as  controls,  and  6  other  cases  without  pro- 
tocols. In  conclusion  he  says:  "The  cutaneous  test  has  proven 
to  be  the  safest  and  best  test  for  determining  the  bacterial  cause 
of  bronchial  asthma." 

Let  us  examine  these  cases  and  see  what  constitutes  the  proof. 
We  must  eliminate  the  3  control  cases,  leaving  18  for  consider- 
ation, 13  of  which  gave  a  positive  cutaneous  reaction  to  Staphylo- 
coccits  aureus.  In  only  4  of  the  13  cases  was  the  organism 
recovered.  Nine  of  the  13  were  treated  with  Staphylococcus 
aureus  vaccine  and  the  asthma  relieved  at  least  temporarily, 
but  in  only  3  of  these  9  was  the  organism  recovered.  In  contrast 
to  this  there  are  5  cases  with  a  negative  cutaneous  reaction  in 
3  of  which  the  organism  was  recovered  and  all  did  just  as  well 
under  treatment  with  aureus  vaccine.  On  the  other  hand,  12 
of  these  18  cases  gave  a  positive  agglutination  test  and  the  organ- 
ism was  recovered  in  7  of  the  12.  Eleven  of  the  12  were  treated 
with  aureus  vaccine  and  relief  of  asthma  was  obtained  in  10  of 
the  11  cases.  In  other  words,  in  would  be  very  difficult  for  any 
one  to  attempt  on  the  basis  of  such  figures  to  maintain  that  the 
cutaneous  reaction  was  any  more  efficient  than  the  agglutination 
test.  From  this  point  on  all  of  Walker's  papers  are  based  on 
his  belief  that  he  has  proven  the  cutaneous  reaction  in  bronchial 
asthmatics  to  be  as  etiologically  diagnostic  with  bacterial  pro- 
teins as  with  other  proteins,  such  as  egg,  wheat,  pollens  and 
animal  danders. 

This  critical  review  of  Walker's  studies  can  lead  only  to  the 
conclusion  that  he  has  not  brought  forth  any  proof  to  show  that 
his  so-called  positive  reaction  with  bacterial  proteins,  as  used 
by  him  in  asthmatics,  has  any  bearing  upon  the  bronchial  con- 
dition or  is  etiologically  diagnostic  in  any  individual  case  cited. 
He  has  only  shown  that  asthmatics  treated  with  a  vaccine  were 
reUeved,  irrespective  of  the  reaction  obtained  with  bacterial 
protein.     His  published  results  must  be  due  to  what  may  be 
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considered  as  a  non-specific  effect  obtained  by  vaccine,  thus 
differentiating  the  bacterial  proteins  very  sharply  from  the  other 
foreign  proteins  concerned  in  allergy  with  which  non-specific 
results  are  not  obtained. 

Rackemann  (5)  has  supported  this  thesis  of  intrinsic  bacterial 
asthmas,  but  he  finds  the  non-hemolytic  Streptococcus  more  prev- 
alent, having  isolated  this  organism  in  60  per  cent  of  40  cases. 
He  used  the  carbolized  bacterial  suspension  for  the  intradermal 
test  and  he  describes  positive  early  reactions  occurring  within 
a  half  hour  and  characterized  by  the  typical  allergic  urticarial 
wheal  as  well  as  a  late  twenty-four-hour  reaction  with  redness, 
swelling  and  tenderness.  Twenty  out  of  39  cases  tested  with 
autogenous  vaccine  gave  a  positive  cutaneous  reaction,  both 
early  and  late  reactions  being  used  as  criteria.  In  a  group  of 
56  cases  he  obtained  60.7  per  cent  of  positive  reactions,  which  is 
considerably  higher  than  Walker's  figures  of  15.7  per  cent,  but 
Rackemann' s  tests  were  made  by  the  intradermal  method  and 
his  cases  were  selected  as  probably  infective  in  type.  Walker's 
tests  were  made  by  the  scratch  method  and  his  cases  were  part 
of  a  general  group  of  unselected  asthmatics.  Rackemann  states 
that  "Treatment  was  successful  in  fairly  close  accordance  with 
the  presence  of  a  positive  skin  test." 

In  this  work  also  the  therapeutic  results  are  used  as  a  criterion 
by  which  this  writer  concludes  that  the  cutaneous  reaction 
demonstrates  the  importance  of  the  bacteria  in  certain  types  of 
asthma.  The  importance  of  Rackemann's  work  lies  in  the  fact 
that  in  a  majority  of  his  cases  he  demonstrated  the  presence  of 
the  specific  organism  in  the  particular  individual.  We  cannot 
compare  the  figures  of  Rackemann,  that  is  60.7  per  cent  of  56 
selected  cases  considered  as  bacterial  asthmas  on  the  basis  of  a 
skin  test,  with  his  later  study  (6).  These  later  figures  show  only 
108  cases  classed  as  bacterial  asthma  in  a  total  of  590  cases, 
that  is  18.3  per  cent.  In  this  later  work  the  method  of  diag- 
nosis of  bacterial  asthma,  that  is  whether  by  skin  test  or  not, 
is  not  stated. 

Is  there  any  way  in  which  this  question  of  the  bacterial  asthmas 
can  be  settled?    Two  years  ago  the  writer  (7)  stipulated  two 
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postulates  which  must  be  fulfilled  in  order  to  establish  the  proof 
of  the  causal  relationship  between  the  allergen  and  the  clinical 
reaction  and  they  hold  for  bacterial  as  well  as  for  other  substances 
acting  specifically  upon  hypersensitive  man. 

1.  Hypersensitiveness  must  be  demonstrated  by  one  of  the 

following  procedures : 

a.  A  typical  local  reaction  either  cutaneous  or  ophthalmic 

must  be  elicited  or 

b.  The  original  allergic  manifestation  must  be  repro- 

duced at  will  on  the  introduction  of  the  substance, 
either  inhaled,  ingested  or  subcutaneously  injected. 

2.  It  must  be  shown  that  the  individual  has  come  in  contact 
in  some  way  with  the  suspected  substance  in  order  to  permit  it 
to  act  an  an  etiologic  factor. 

The  writer  has  studied  this  subject  somewhat  from  the  point 
of  view  of  these  postulates.  First,  bacterial  powders  were  made 
of  various  organisms  by  the  alcohol-ether  method  described  by 
Walker.  The  powder  was  then  dissolved  in  carbolized  saline  to 
the  point  of  saturation,  filtered  clear,  and  used  for  intradermal 
test.  The  organisms  included  Pneumococcus,  types  1,  2,  and  3, 
Staphylococcus  alhus  and  aureus,  the  latter  two  each  made  from 
at  least  a  dozen  strains.  Tests  were  made  in  a  series  of  fifty  cases 
of  bronchial  asthma  and  only  two,  Case  Nos.  2783  and  2879, 
reacted  with  a  typical  immediate  urticarial  wheal,  these  reactions 
being  confirmed.  The  first  of  these  two  reacted  to  the  extract  of 
Staphylococcus  alhus  and  Pneumococcus  type  1,  and  the  second  to 
Staphylococcus  alhus.  Cultures  of  the  nasal  and  bronchial  secre- 
tions of  the  two  yielded  only  a  Streptococcus  viridans  in  the  first 
case  and  Streptococcus  viridans  and  Micrococcus  catarrhalis  in  the 
second.  The  Staphylococcus  alhis  and  Pneumococcus  type  1  were 
sought  but  could  not  be  recovered  in  either  case.  The  cases  in 
which  Pneumococcus  of  the  fixed  types  has  been  recovered  in  the 
sputum  have  all  been  tested  but  never  yet  shown  a  positive  skin 
test.  There  was  no  suggestion  that  the  bacterial  extracts  would 
operate  as  the  other  known  allergens. 

Secondly,  it  is  always  possible  with  extracts  of  pollens,  danders, 
foods,  and  drugs,  to  elicit  an  inunediate  constitutional  reaction 
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in  a  h}T3ersensitive  individual  by  the  subcutaneous  injection,  or, 
in  the  case  of  food  and  drugs,  by  the  ingestion  of  the  specific 
allergen  in  sufficient  dosage.  With  the  bacterial  preparations, 
however,  no  similar  immediate  allergic  reactions  have  been 
obtained  in  my  cUnic  and  I  find  no  record  of  such  in  the  litera- 
ture. The  mere  increase  in  the  degree  of  an  existing  asthma 
twelve  to  twenty-four  hours  later  will  not  suffice  as  proof. 

We  have  tried  by  such  measures  to  prove  the  possible  allergic 
nature  of  the  bacterial  reactions  and  have  failed.  Further  work 
might  be  done  and  certainly  better  extracts  might  be  prepared, 
but  from  such  work  we  were  forced  to  conclude  that  the  bac- 
teria if  they  operate  as  fundamental  causative  factors  in  bronchial 
asthma,  do  not  act  as  allergens  per  se,  but  in  some  way  not  under- 
stood today,  and  that  the  cutaneous  test  v/ith  bacterial  proteins 
is  of  no  value  in  the  diagnosis  of  allergy. 

In  other  words,  the  conception  of  a  bacterial  asthma  has  been 
based  solely  upon  analogy  and  the  analogy  is  not  upheld  by 
proof.  "Bacterial  Asthma"  has  become  a  convenient  term  by 
which  to  designate  many  of  those  cases  not  reacting  to  the  genu- 
ine allergens,  but  such  cases  should  be  classed  as  undiagnosed 
even  though  resort  be  had  to  vaccine  therapy  with  apparently 
good  results. 

Since  the  diagnosis  of  bacterial  asthma  is  not  as  yet  susceptible 
to  positive  proof  and  is  only  arrived  at  by  exclusion  the  writer 
has  taken  the  attitude  that  it  is  wiser  to  continue  to  search  for 
new  factors  which  can  be  shown  to  be  specific  agents  in  accord- 
ance with  the  postulates  laid  down.  In  this  way  by  increasing 
the  percentage  of  diagnosed  allergic  cases  the  possible  cases  of 
bacterial  sensitiveness  are  more  accurately  separated  from  the 
whole  group  and  will  lend  themselves  to  more  productive  study. 

2.   REFLEX   ASTHMA 

Most  of  the  present  day  writers,  discussing  vasomotor  rhinitis 
and  asthma  either  together  or  separately,  appear  to  beheve  that 
a  vasomotor  edema  of  the  respiratory  mucus  membrane  with  a 
resulting  rhinitis  or  asthma  can  be  induced  by  some  irritant 
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acting  reflexly  upon  the  membrane.  Walker  (8)  discussing  this 
point  says  "The  causes  of  symptoms  may  be  classified  as  mechani- 
cal, chemical,  odorific  and  thermal.  Among  the  mechanical 
causes  any  kind  of  dust  is  the  most  frequent  cause,  more  espe- 
cially sweeping  dust  and  hay  dust."  He  further  says,  "Some  of 
these  patients  are  sensitive  to  some  type  of  protein  which  may 
have  rendered  their  nasal  mucus  membranes  sensitive  to  these 
irritants,  others  are  not  sensitive  to  the  proteins."  This  is  in 
part  an  adoption  of  Goodale's  idea  regarding  what  he  has  termed 
olfactory  vasomotor  rhinitis  or  pseudohay  fever.  Goodale  (9, 
10)  mentions  the  fragTance  of  certain  plants  such  as  lily  of  the 
valley,  lilac  and  hyacinth,  as  excitants  of  attacks  of  sneezing 
as  well  as  asthma,  in  cases  where  the  tests  with  the  pollens 
themselves  were  negative.  In  other  words  both  these  writers 
conceive  that  nonspecific  irritants  acting  through  a  reflex  mech- 
anism may  be  fundamental  causes  of  the  asthmatic  paroxysm 
in  individuals  who  are  not  hypersensitive.  This  is  a  return  to 
the  idea  so  well  summed  up  by  Osier  in  the  first  edition  (1892) 
of  his  Practice  of  Medicine.     He  says 

Briefly  stated,  then,  bronchial  astlima  is  a  neurotic  affection  char- 
acterized by  hyperemia  and  turgescence  of  the  mucosa  of  the  smaller 
bronchial  tubes  and  a  peculiar  exudate  of  mucin.  The  attacks  may  be 
due  to  direct  irritation  of  the  bronchial  mucosa  or  may  be  induced 
reflexly  by  irritation  of  the  nasal  mucosa  and,  indirectly,  too,  by  reflex 
influences  from  stomach,  intestines,  or  genital  organs. 

The  writer  (11)  has  contended  that  non-specific  irritants  can 
only  operate  in  those  cases  that  are  specifically  hypersensitive. 
They  are  never  fundamental  etiologic  factors.  To  be  sure  these 
non-specific  irritants  do  produce  attacks  of  asthma  in  cases  that 
have  not  been  diagnosed  but  certainly  in  no  greater  number 
than  in  the  diagnosed  group.  The  further  proof  of  the  conten- 
tion lies  in  the  fact  that  these  non-specific  and  reflexly  acting 
irritants  cease  to  operate  and  to  be  productive  of  attacks  in 
diagnosed  cases  where  the  paroxysms  have  been  absent  for  a 
period  of  time  either  from  removal  of  the  specific  cause  or  after 
improvement  and  relief  as  a  result  of  specific  therapy. 
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It  is  the  special  object  of  this  paper  to  show  that  the  two 
supposedly  reflexly  acting  mechanical  excitants  particularly 
selected  by  Walker,  namely,  hay  dust  and  house  dust,  are 
genuinely  specific  factors  and  that  they  operate  in  the  specifically 
hypersensitive  individual  just  as  do  pollens,  animal  dander  and 
the  other  well  known  allergens  that  demonstrate  their  clinical 
effect  after  absorption  by  inhalation. 

A.  Hay  dust 

The  first  case  in  which  hay  dust  was  shown  to  act  specifically 
is  here  described. 

Case  2207 .  A  man,  forty-five  years  of  age,  was  seen  in  March,  1920, 
when  he  complained  of  bronchial  asthma.  His  father  was  one  of  three 
asthmatic  children,  in  a  family  of  ten  children.  The  patient's  first 
attack  of  asthma  occurred  in  1900  and  came  on  when  he  was  visiting 
in  a  farm  house  to  which  a  barn  was  attached.  The  next  attack 
occurred  one  year  later  after  he  lay  down  in  timothy  hay.  Subse- 
quent attacks  have  come  on  following  the  handling  of  objects  that  had 
been  packed  in  timothy  hay.  The  patient  states  very  positively  that 
he  has  no  trouble  (either  hay  fever  or  asthma)  in  the  country  or  else- 
where during  the  months  of  May,  June  and  July,  when  the  grasses  are 
in  flower.  Tests  carried  out  with  the  strongest  extract  of  timothy 
pollen  resulted  negatively.  Tests  carried  oat  later  in  both  the  skin 
and  the  eye  with  an  extract  of  the  timothy  hay  itself  resulted  in  both 
instances  in  definite  positive  reactions.  Similar  tests  made  with  the 
same  extract  upon  normal  individuals  resulted  negatively. 

Further  use  of  the  extract  of  the  timothy  hay  has  verified 
the  specificity  of  the  reactions.  Three  of  the  327  cases  of  asthma 
under  consideration  were  found  to  be  hypersensitive  to  the 
substance.  These  cases  indicate  that  attacks  of  asthma  on 
exposure  to  dusty  hay  are  not  to  be  considered  as  a  reflex  effect 
of  a  non-specific  excitant,  as  Walker  states,  but  as  an  expression 
of  a  specific  allergic  reaction. 

B.  House  dust 

Following  is  the  history  of  the  case  that  led  to  the  discovery 
of  the  presence  in  house  dust  of  a  specific  allergen. 
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Case  1763,  T.  F.,  male,  age  twenty-six,  had  had  frequent  attacks  of 
astluna  for  fourteen  years.  He  then  enlisted  in  the  army  in  June,  1917, 
and  while  stationed  in  Texas  had  no  trouble  at  all.  He  returned  home 
in  October  for  six  daj'-s  and  had  severe  asthma  all  that  time.  On  his 
return  to  Texas  the  attacks  disappeared  and  he  was  again  free  until 
he  returned  home  in  December.  He  applied  for  treatment  in  Janu- 
ary, 1918,  having  been  continuously  ill  and  unable  to  work  for  a  month. 
He  was  tested  by  the  intradermal  method  with  extracts  of  all  our  then 
known  products  including  pollens,  sacbet  powders,  animal  danders, 
foods,  and  drugs  with  negative  results.  He  was  advised  to  use  an 
army  cot  and  air  pillow.  The  attacks  were  lessened.  Several  times 
he  slept  away  from  home  and  was  well,  but  the  attacks  returned  regu- 
larly when  he  stayed  at  home.  Finding  all  tests  negative,  a  culture  of 
the  sputum  had  been  made  and  an  influenza  bacillus  and  Streptococcus 
viridans  had  been  isolated.  A  vaccine^  had  been  made  and  the  patient 
had  been  treated  for  over  two  months  with  vaccine  injections  with  no 
improvement  in  his  condition  whatsoever.  In  April  of  that  year,  he 
was  instructed  to  bring  all  the  dust  that  could  be  collected  from  his 
room,  going  over  it  carefully  with  a  vacuum  cleaner.  This  dust  was 
then  extracted  just  as  pollens,  orris  and  other  substances  are  extracted, 
made  sterile  by  filtration  and  used  for  intradermal  tests.  For  the  first 
time  in  this  case  very  marked  positive  reactions  were  obtained  in  the 
skin  at  two  sites  of  test  and  this  was  followed  in  a  few  moments  by 
the  development  of  a  mild  constitutional  reaction  with  asthma,  coryza, 
general  erythema,  and  pruritus  as  the  sjTnptoms.  With  proper  dilution 
of  the  extract  this  local  reaction  could  always  be  elicited. 

A  number  of  other  cases  hitherto  undiagnosed  gave  marked  cutaneous 
reactions  with  this  same  dust  extract  injected  intradermally.  The 
patient's  home  was  then  investigated.  It  was  a  clean,  modern  house. 
His  mattress  was  made  of  long  curled  horse  hair,  the  pillows  were 
feather;  there  was  only  a  small  rug  on  the  floor.  He  had  been 
negative  to  extracts  of  feathers  and  to  horse  hair  and  continued  so  on 
repeated  testing.  Although  it  was  not  possible  to  discover  the  exact 
substance  giving  the  reaction,  the  presence  of  a  specific  airborne  factor 
was  demonstrated.  The  patient  then  moved  to  California  where  he 
has  been  entirely  free  from  symptoms. 

1  The  culture  and  vaccine  were  made  by  Professor  John  Torrey  of  the  Depart- 
ment of  Hygiene,  Cornell  Medical  School.  The  examination  was  made  from  the 
fresh  specimen. 
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We  were  then  face  to  face  with  a  new  procedure  m  the  diag- 
nostic study  of  asthma  and  with  a  possible  new  but  unknown 
substance.  Efforts  to  discover  the  active  ingredient  in  the  dust 
extracts  by  comparative  tests  has  so  far  yielded  negative  results. 
Of  course,  in  houses  in  which  there  is  a  clog  or  a  cat,  the  extracts 
of  the  dust  agree  by  test  but  in  lesser  degree  with  extracts  of  the 
dander  of  the  respective  animals.  The  same  holds  true  of  the 
agreement  by  test  of  the  dust  extracts  of  rooms  in  which  orris 
root  powders  are  used  with  the  orris  extract  itself,  and  this  is 
the  fact  in  those  houses  where  rabbit  hair  pillows  and  mattresses 
are  used.     But  dust  collected  from  homes  where  none  of  these 
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articles  can  be  found  also  gives  an  extract  which  produces  a 
marked  positive  cutaneous  reaction  in  certain  cases,  and  is  still 
an  unidentified  factor.  The  extract  does  not  agree  by  test  with 
any  other  known  extract  used.  Table  1  clearly  demonstrates 
this  point,  and  in  all  of  these  cases  a  single  extract  known  as 
Dust  Extract  No.  1  was  used  and  all  tests  were  made  by  the 
intracutaneous  method.  The  cases  in  table  1  were  selected  from 
those  in  which  marked  dust  reactions  were  obtained,  but  it  will 
be  seen  that  while  other  extracts  are  occasionally  positive  there 
is  no  agreement  between  them  and  the  dust  reactions.  Many 
similar  cases  could  be  cited,  but  the  table  is  abbreviated  pur- 
posely as  greater  length  would  not  add  to  the  argument. 
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The  preparation  of  the  dust  extract  is  carried  out  according  to 
the  suggestions  found  in  Coca's  article  in  this  issue  of  the  Journal 
of  Immunology  on  the  preparation  of  extracts.  In  brief,  we 
can  say  that  the  dust  collected  by  means  of  a  vacuum  cleaner 
is  treated  first  with  ether  to  remove  all  fatty  substances,  and  is 
then  extracted  with  the  standard  extracting  fluid.  The  extrac- 
tion is  allowed  to  continue  for  two  or  three  days  when  the  solu- 
tion is  filtered  off,  sterilized  by  filtration  through  a  Berkefeld 
and  put  through  all  the  sterility  tests.  This  extract  contains 
nitrogen,  probably,  in  many  chemical  combinations  so  that  these 
extracts  cannot  be  standardized  satisfactorily  by  the  nitrogen 
content  and  the  nitrogen  detemiination  has  only  a  relative  value. 

While  the  chemical  studies  of  these  dust  extracts  have  not 
been  completed  and  are  still  under  way,  it  can  be  stated  here 
that  by  dialysis  a  considerable  quantity  of  nitrogenous  substance 
appears  in  the  dialysate,  but  that  the  dialysate  does  not  con- 
tain the  reacting  substance.  When  the  dust  extract  is  sealed  in 
sterile  tubes  and  heated  to  212°F.  for  thirty  minutes  there  is  a 
diminution  in  the  activity  of  the  extract,  but  under  these  con- 
ditions no  precipitate  forms.  When  heated  to  boiling  in  an  open 
vessel  so  that  the  carbon  dioxide  of  the  extracting  fluid  is  driven 
off,  some  precipitation  takes  place  and  the  extract  loses  all  power 
of  reactivity  in  a  very  short  time. 

The  question  that  naturally  arises  is,  what  is  the  actual  or 
relative  importance  of  this  new  extract?  It  can  be  at  once 
stated  that  as  a  diagnostic  procedure  the  testing  of  dust  extracts 
is  of  the  utmost  importance  in  demonstrating  the  presence  or 
absence  of  environmental  substances  which  act  on  absorption  by 
inhalation,  and  whether  or  not  this  environmental  factor  is 
domiciliary  or  occupational.  The  writer  has  always  been  im- 
pressed by  the  importance  of  the  respiratory  tract  as  the  chief 
path  of  absorption  in  all  adult  asthmatics,  and  the  following 
table  arranged  for  comparison  illustrates  this  point  by  the  large 
percentage  of  cases  in  the  inhalation  group.  In  table  2  the 
cases  of  Rackemann  and  of  Walker  (12)  are  arranged  for  com- 
parison with  327  of  the  writer's  cases  of  bronchial  asthma  studied 
in  1920.     The  figures  for  1921  will  be  published  shortly.     Racke- 
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mann's  figures  are  those  supplied  by  him  in  a  personal  communi- 
cation and  are  more  recent  than  the  figures  appearing  in  his 
article  (6).  All  those  cases,  such  as  bacterial,  not  diagnosed 
by  means  of  a  positive  cutaneous  reaction  are  placed  in  the  general 
group  of  "intrinsic  asthma"  and  classed  as  undiagnosed.  In  this 
respect  the  cases  of  all  three  authors  are  treated  in  exactly  the 
same  manner.  It  will  be  noticed  that  the  percentages  of  cases 
occurring  from  pollen,  danders,  powders,  and  foods  do  not  make 
a  total  of  100  in  any  of  the  three  wTiters'  statistics.  This  is  due 
to  the  fact  that  many  cases  are  examples  of  multiple  hypersensi- 
tiveness  and  belong  in  two,  or  even  three  or  more,  groups  and 
are  therefore  counted  more  than  once.     Consequently,  in  order 
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to  arrive  at  the  percentage  of  cases  due  to  substances  absorbed 
by  inhalation  it  has  been  necessary  to  take  the  percentage  of 
cases  undiagnosed  and  by  subtraction  arrive  at  the  percentage 
of  diagnosed  cases.  From  the  percentage  of  diagnosed  cases  we 
subtract  the  percentage  of  cases  of  food  reactions  and  so  arrive 
at  the  figures  for  the  percentage  by  inhalation.  For  example: 
Among  the  writer's  cases  26.6  per  cent  are  undiagnosed;  this 
means  that  73.4  per  cent  were  diagnosed.  Only  3.6  per  cent  of 
the  cases  are  diagnosed  as  due  to  foods,  and  by  subtraction  this 
leaves  69.8  per  cent  as  due  to  substances  absorbed  by  inhalation. 
In  other  words,  practically  70  per  cent  of  all  the  writer's  cases 
studied  are  due  to  substances  that  are  conveyed  in  the  form  of 
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dust  and  that  act  after  absorption  by  the  mucous  membranes  of 
the  respiratory  tract.  It  deserves  some  comment  that  the  per- 
centage of  cases  of  the  diagnosed  group  are  for  Rackemann  31, 
for  Walker  40,  and  for  the  writer  73.4  per  cent.  I  beheve  that 
these  differences  can  be  satisfactorily  explained  on  three  grounds. 
First,  the  number  of  routine  tests  made  with  extracts  of  airborne 
substances.  The  greater  the  number  of  tests  the  greater  the 
improvement  will  be  in  the  percentage  of  positive  diagnoses; 
inevitably  this  must  result  in  a  decrease  in  the  percentage  of  the 
so-called  bacterial  and  undiagnosed  cases.  There  are  a  number 
of  known  substances  to  which  Rackemann  and  Walker  appear 
to  attach  little  or  no  importance,  for  either  they  are  not  men- 
tioned at  all,  or  only  casually  mentioned  in  their  writings.  For 
example:  Scarcely  a  day  passes  at  our  clinic  on  which  we  do 
not  diagnose  by  positive  cutaneous  reactions  several  cases  that 
are  hypersensitive  to  the  dander  of  rabbit  and  goat.  The  impor- 
tance of  these  reactions  lies  in  the  fact  that  we  are  able  in  many 
cases  to  demonstrate  the  presence  of  these  substances  in  the 
homes  of  the  individuals  reacting.  The  untreated  and  unster- 
ilized  hair  of  both  rabbit  and  goat,  containing  a  large  amount  of 
nitrogenous  substance  from  the  attached  dander,  is  used  very 
extensively,  not  only  in  New  York  but  in  all  large  centers  of 
population,  by  families  of  foreign  birth.  The  Italians  import 
and  use  goat  hair  for  pillows  and  mattresses,  while  the  Germans, 
Slavs,  Poles,  and  Hungarians,  and  among  these  especially  the 
Jews,  use  rabbit  hair  for  the  same  purpose.  Second,  Rackemann 
and  Walker  both  use  the  so-called  scratch  test  of  Schloss,  whereas 
the  writer  uses  the  intracutaneous  test  which  Brown  (13),  in 
another  article  in  this  issue,  shows  to  be  by  far  the  more  delicate 
and  the  more  efficient.  Third,  the  writer  uses  fluid  extracts 
prepared  according  to  the  directions  pubhshed  by  Coca  (14)  in 
this  Journal.  These  extracts,  according  to  Brown  (13)  give  a 
greater  percentage  of  positive  reactions  even  when  the  scratch 
test  is  used  than  do  the  extracts  prepared  according  to  the 
directions  of  Wodehouse  (15)  and  made  commercially  available 
and  used  by  Rackemann.  Walker  does  not  state  in  his  publi- 
cations what  extracts  were  used  by  him. 
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In  order  to  show  the  importance  of  the  dust  extract,  actually 
and  relatively,  a  list  is  given  in  table  3  which  shows  all  of  the 
individual  substances  found  to  be  of  diagnostic  importance  in 
the  327  cases  under  consideration.  In  this  table  is  also  put 
down  the  number  of  times  each  one  of  these  extracts  was  found 
to  react  as  a  causative  factor,  and  the  dust  extract  was  unportant 
in  33  per  cent  of  the  entire  group.  It  is  seen  that  the  number  of 
reactions  obtained  is  much  larger  than  the  number  of  cases 
studied  in  spite  of  the  fact  that  87  were  negative  to  all  tests; 

TABLE  3 
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and  this  is  because  a  very  large  percentage  are  examples  of 
multiple  hypersensitiveness.  ^Vhat  has  been  said  in  this  paper 
for  the  importance  of  dust  extracts  in  asthma  obtains  in  the 
same  way  and  in  the  same  degree  in  allergic  coryza. 


CONCLUSIONS 

In  this  paper  it  has  been  shown  that  the  group  of  substances 
absorbed  by  inhalation  play  a  much  more  important  part  as 
specific  causative  factors  of  asthma  than  is  generally  considered 
to  be  the  case  by  other  investigators.  Diagnoses  arrived  at  in 
accordance  with  this  idea  may  be  made  with  a  greater  degree  of 
assurance  on  account  of  the  fact  that  they  are  based  upon  posi- 
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tive  findings  and  not  upon  negative  findings,  as  is  the  case  with 
the  so-called  bacterial  asthma  cases,  which  the  writer  insists  are 
to  be  more  properly  classified  as  undiagnosed.  The  new  pro- 
cedure of  testing  dust  extracts  has  yielded  valuable  information 
in  that  it  permits  a  study  of  the  occupational  or  domicihary 
environment  of  an  asthmatic  and  establishes  a  positive  diagnosis 
in  certain  cases  not  obtainable  by  any  other  means.  Further,  it 
has  sho^Ti  the  presence  of  a  substance  in  most  house  dusts  that 
is  in  itself  an  important  factor,  but  the  nature  and  source  of  which 
is  as  yet  unknowTi.  The  dust  of  hay,  also,  may  act  as  a  specific 
allergen  and  is  not  to  be  considered  solely  as  a  simple  mechanical 
irritant. 
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From  the  beginning  of  his  work  upon  the  diagnosis  and  specific 
treatment  of  the  allergies  (hay  fever,  asthma,  the  urticarias), 
Robert  A.  Cooke  (1,  2)  has  employed  for  both  the  diagnostic 
and  therapeutic  injections,  fluid  extracts  of  the  various  materials 
containing  the  exciting  agents  of  these  conditions.  These  ex- 
tracts were  originally  made  with  physiological  salt  solution  to 
which  was  added  the  usual  percentage  of  carbolic  acid  The 
preparations  were  standardized  according  to  their  nitrogen  con- 
tent. Cooke  and  also  Cooke  and  Vander  Veer,  and  Vander 
Veer,  have  reported  their  successes  in  the  use  of  these  extracts 
as  diagnostic  and  therapeutic  preparations  At  the  time  when 
these  investigators  became  associated  with  the  writer  in  the 
organization  that  has  been  estabhshed  in  the  New  York  Hospital 
for  the  diagnosis  and  treatment  of  the  allergies,  some  of  the  ex- 
tracts that  had  been  in  use  were  subject  to  certain  disadvantages. 
In  particular,  the  pollen  extracts  were  often  quite  unstable  in 
their  activity  both  as  diagnostic  agents  and  as  therapeutic 
material;  the  extract  of  feathers,  especially  chicken  feathers, 
seemed  to  possess  httle  or  no  specific  acti\'ity  in  cases  of  known 
hypersusceptibility  to  these  materials. 

The  preparation  of  fluid  extracts  was  undertaken  by  the  writer 
with  the  purpose  of  overcoming  the  disadvantage  mentioned. 
It  was  necessary  to  provide  a  sterile  preparation  of  not  too  low 
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concentration  which  would  remain  stable  for  at  least  six  months. 
The  pursuit  of  this  problem  was  attended  with  some  serious  diffi- 
culties which  impeded  its  purpose.  One  of  these  difficulties 
lay  in  the  fact  that  the  sole  test  object  was  a  human  being  suffer- 
ing from  a  distressing  condition,  which  might  or  might  not  be 
reheved  by  the  therapeutic  use  of  the  new  kind  of  protein 
preparation. 

There  was,  therefore,  a  natural  hesitancy  to  change  from  one 
kind  of  preparation  to  another  for  experimental  reasons.  Fur- 
thermore, the  comparison  of  different  preparations  by  means  of 
the  cutaneous  or  of  the  ophthalmic  reaction  is  interfered  with  by 
the  natural  difficulty  of  obtaining  consent  of  suitably  sensitive 
individuals  to  submit  to  the  experimental  injections.  The  prob- 
lem was  further  complicated  by  the  number  of  the  possible  factors 
concerned  in  the  deterioration  of  the  preparations;  for  example, 
light,  temperature,  chemical  reaction,  quality  of  glass  in  which 
the  preparations  were  stored,  and  sterihty. 

Indeed,  it  must  be  admitted  at  the  outset  that  some  of  these 
factors  have  not  yet  been  investigated.  It  is  not  known  why  the 
preparations  in  present  use  satisfy  the  requirements  of  potency 
and  relative  stabihty;  whether  on  account  of  mere  sterihty  or  on 
account  of  a  modification  of  the  composition  of  the  extracting 
fluid.  In  any  case  the  preparations  about  to  be  described  are 
to  be  looked  upon  as  merely  modifications,  perhaps  only  shght 
ones,  of  those  employed  pre\dously  by  Cooke  and  his  associates. 

While  the  problem  is  still  under  investigation  it  has  been  found 
desirable  to  make  the  present  preliminarj^  publication  on  account 
of  the  thoroughly  successful  diagnostic  and  therapeutic  use  of 
which  the  preparations  have  been  found  capable. 

In  deciding  upon  the  composition  of  the  extracting  fluid, 
the  fact  has  been  borne  in  mind  that  the  exciting  agents  often 
reach  the  sensitive  mucous  membrane  in  a  dry  state.  Hence 
it  could  be  assumed  that  the  active  principle  in  these  materials 
was  soluble  in  a  shghtly  alkahne  and  sahne  solution.  While  it 
was  known  that  certain  vegetable  proteins  for  example,  ghadin, 
are  soluble  in  aqueous  media  only  in  the  presence  of  free  alkali 
(sodium  hydrate  in  hundredth  normal  concentration  or  stronger) , 
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it  was  believed  that  such  proteins  could  have  httle  significance 
in  human  hypersensitiveness  since  they  are  not  soluble  in  the 
natural  secretions  of  the  mucous  membranes.  Free  alkah  was 
thought  to  be  disadvantageous  as  an  extracting  agent  on  account 
of  its  known  tendency  to  denature  certain  proteins.  The  de- 
sired alkahnity  was  therefore  obtained  with  the  use  of  sodium 
bicarbonate.  This  salt  has  the  desirable  faculty  of  neutraliz- 
ing both  free  acid  and  free  alkali  and  is  able,  in  consequence,  to 
correct  any  change  toward  either  reaction  which  they  tend  to 
develop  in  the  course  of  preparation,  or  during  storage. 

After  some  experimentation,  the  following  composition  of  the 
extracting  fluid  was  adopted. 

Sodium  chloride 0.5  per  cent 

Sodium  bicarbonate. . .  .NaHCOs  in  such  concentration  that  10  cc.  of  the 

final  fluid  equalled  about  3  cc.  of  -^  alkali 
Carbolic  acid In  final  concentration  of  0.4  per  cent 

The  solution  was  made  without  the  use  of  heat  and  with 
the  avoidance  of  excessive  shaking.  When  it  was  desired  to 
dilute  an  extract,  or  other  preparation  with  this  fluid  after  the 
original  extract  had  been  sterihzed,  the  diluting  fluid  itself  was 
sterilized  by  filtration  through  a  sterile  Berkefeld  filter. 

As  a  general  rule  this  alkahne  extracting  fluid  is  used  for  all 
dry  materials  such  as  the  cereals,  the  danders,  the  nuts,  and  the 
pollens.  It  is  also  used  for  certain  vegetables  that  contain  little 
juice,  such  as  sweet  potato,  fresh  beans,  fresh  peas  and  for  the 
meats.  The  extracting  fluid  is  used  as  a  diluting  fluid  when 
dilution  of  the  extract  is  desired.  When  the  original  material 
contains  considerable  fluid  such  as  the  fruits  and  most  of  the 
vegetables,  it  is  advantageous,  in  order  to  avoid  too  great  dilu- 
tion, to  use  a  ''preserving  fluid"  containing  the  constituents  of 
the  ''extracting  fluid"  in  a  higher  concentration.  Such  a  pre- 
serving fluid  we  have  prepared  containing  2.5  per  cent  NaCl, 
1.25  per  cent  NaHC03,2.  per  cent  carbolic  acid.  It  has  been 
found  that  many  of  the  fruit  juices  contain  much  more  than 
enough  acid  to  neutralize  all  of  the  NaHCOs  in  the  added  pre- 
serving fluid.  We  do  not  know  that  the  resulting  partial  neu- 
tralization of  the  acid  is  of  any  advantage  in  the  preparation  of 
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the  acid  juices.  For  several  reasons  it  has  not  been  possible  to 
make  an  adequate  study  of  the  method  of  preparing  these  juices. 
We  have  used  the  preserving  fluid  referred  to  for  both  the  neutral 
and  the  acid  juices  on  the  ground  of  convenience. 

The  extraction  of  the  dry  materials  is  carried  out  at  room  tem- 
perature and  usually  this  extraction  is  continued  for  forty- 
eight  hours — sometimes  for  three  days.  In  these  conditions  the 
concentrations  of  carbolic  acid  (0.4  per  cent)  in  the  extracting 
fluid  is  not  always  sufficient  to  present  the  multiplication  of  bac- 
teria in  the  mixture.  This  difficulty  was  met  with  the  use  of 
toluol,  which  is  able  not  only  to  prevent  bacterial  growth  but  to 
kill  nonspore  bearing  organisms.  When  the  material  to  be  ex- 
tracted is  in  the  form  of  a  powder  or  fine  meal  it  is  advantageous 
to  mix  the  toluol  with  the  powder  before  adding  the  extracting 
fluid  as  this  makes  certain  that  the  toluol  reaches  all  of  the  sub- 
stance. It  also  prevents  the  formation  of  clumps  which  are 
difficult  to  break  up. 

If  the  material  contains  oily  substances  which  may  interfere 
with  the  infiltration  of  the  extracting  fluid,  the  oil  is  first  removed 
with  ether  which  does  not  denature  proteins.  We  have  not 
found  it  necessary  nor  convenient  to  use  a  special  extraction 
apparatus  such  as  the  familiar  Soxhlet  apparatus.  We  have 
simply  mixed  the  ether  with  the  substance  in  a  sediment ing  jar 
and  as  soon  as  sedimentation  was  complete  we  have  decanted 
the  ether  and  made  further  extractions  in  the  same  way  with 
additional  portions  of  ether. 

As  the  different  materials  contain  different  percentages  of  oily 
substances,  the  number  of  changes  of  ether  must  be  varied. 
With  nuts  and  oily  seeds,  we  have  been  guided  in  this  respect 
by  making  a  rough  determination  of  the  quantity  of  oil  removed 
by  the  successive  fractions  of  ether.  This  determination  was 
made  by  evaporating  a  few  cubic  centimeters  of  the  etherial 
extract  in  a  beaker  immersed  in  hot  water  and  noting  the  quantity 
of  the  oily  residue.  With  the  pollens  the  extent  of  the  oil  ex- 
tracted could  be  judged  by  the  depth  of  color  imparted  to  the 
successive  portions  of  ether.  Complete  extraction  of  the  oily 
substances  has  not  been  found  necessary  for  some  materials,  such 
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as  the  nuts  and  the  pollens.  After  the  extraction  of  most  of  the 
oily  substances  the  ether  has  been  driven  off  from  the  material 
before  it  was  mixed  with  the  extracting  fluid. 

In  most  of  the  extracts  and  preserved  juices  a  precipitate 
forms  upon  standing.  As  precipitation  continues  even  after  the 
fresh  extract  has  been  filtered,  it  is  necessary  to  wait  until  the 
precipitation  is  complete  before  carrying  out  the  further  steps  of 
the  preparation.  In  the  case  of  some  of  the  vegetables,  this 
precipitation  has  been  found  to  cause  relatively  httle  reduction 
of  the  nitrogen  content  of  the  extract.  On  the  other  hand,  the 
precipitate  in  the  extract  of  the  meats  and  fish  is  doubtless  w^hoUy 
proteid.  Conceivably  some  of  the  exciting  agents  of  the  allergy 
to  the  original  material  are  in  part  or  entirely  lost  by  this  precipi- 
tation. We  have  no  evidence  to  offer  on  this  point.  The  separa- 
tion of  the  precipitate  from  the  fluid  extract  offers  difficulties 
varying  in  degree  with  the  different  materials.  If  the  precipitate 
is  not  too  voluminous  it  can  be  removed  at  once  vvith  the  use  of 
the  Sharpies  centrifuge.  This  instrument,  which  is  almost  in- 
dispensable in  the  preHminary  clearing  of  larger  volumes  of  fluid, 
is  not  adapted  to  the  handhng  of  quantities  much  less  than  five 
hundred  cubic  centimeters.  The  smaller  quantities  of  extract 
may  be  filtered  through  paper,  preHminary  to  the  final  sterihz- 
ing  filtration  through  Berkefeld  or  similar  filters. 

The  precipitate  that  forms  in  some  of  the  extracts  is  so  volumi- 
nous that  it  is  impossible  to  use  the  Sharpies  centrifuge  for  its 
removal.  In  such  a  case,  a  partial  separation  can  usually  be 
effected  with  the  use  of  a  fine  mesh  towel  laid  over  a  sieve.  As 
the  precipitate  tends  to  form  an  impervious  mat  upon  the  cloth, 
it  is  necessary  at  intervals  to  scrape  off  the  collected  precipitate 
with  a  large  spoon.  During  the  period  in  which  the  sedimenta- 
tion is  taking  place  in  the  extract  it  is  advisable  to  keep  the  fluid 
covered  with  a  shallow  layer  of  toluol.  To  prevent  evaporation 
of  the  toluol  the  container  should  be  tightly  stoppered.  Many 
of  the  extracts  are  found  to  be  sterile  after  having  stood  for 
three  days  or  longer  under  toluol.  Advantage  has  been  taken 
of  this  circumstance  in  the  preparation  of  some  protein  sub- 
stances, particularly  the  isolated  globuHns,  which  are  not  at  all 
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or  with  difficulty  filterable  through  the  Berkefeld  type  of  filter. 
However,  sterilization  of  the  extract  has  been  secured  for  much 
the  greater  part  by  Berkefeld  filtration. 

The  filtering  flasks  were  sterihzed  as  usual  with  dry  heat. 
The  filters  were  sterilized  by  one  exposure  in  the  autoclave  to 
steam  under  a  pressure  of  fifteen  pounds  for  fifteen  minutes.  The 
connecting  perforated  rubber  stoppers  were  boiled  for  ten  minutes 
in  5  per  cent  aarbolic  acid  and  again  for  ten  minutes  in  water.  The 
main  stock  of  the  filtered  extract  was  stored  in  sterile  16-ounce 
bottles.  For  clinical  purposes  extracts  are  distributed  in  vaccine 
bottles  or  homeopathic  vials,  which  are  capped  with  ''No-air" 
stoppers.  The  greater  part  of  the  stopper  must  be  cut  of!  with 
scissors  so  that  the  cap  may  be  more  readily  punctured  by  the 
syringe  needle  in  removing  the  contents  of  the  bottle  for  test 
purposes.  The  bottles  and  caps  are  sterilized  separately  by 
boiling  for  twenty  minutes  in  plain  water.  The  caps  are  held 
firmly  on  the  vials  with  the  use  of  narrow  rubber  bands. 

Sterility  tests  have  been  made  by  introducing  about  0.25  cc. 
of  a  filtered  preparation  at  the  bottom  of  a  12-  to  15-cm.  column 
of  neutral  nutrient  agar  containing  1  per  cent  of  dextrose. 
Another  portion  of  the  preparation  was  deposited  at  the  surface 
of  the  agar  in  the  same  tube.  The  agar  was  quickly  solidified 
by  placing  the  tube  in  cold  water.  The  nitrogen  content  of  all 
the  preparations  was  determined  by  the  Kjeldahl  method  and 
generally  adjusted  b}^  dilution  to  0.5  mgm.  or  less  per  cubic  centi- 
meter. Further  dilutions  of  these  ''stock  solutions"  were  made 
for  diagnostic  and  therapeutic  use. 

It  is  not  in  the  province  of  this  article  to  discuss  the  dosage  of 
the  different  preparations  nor  the  dangers  attending  their  use. 
These  questions  are  considered  in  the  various  pubhcations  of 
Cooke,  Vander  Veer  and  Brown.  It  may  be  stated  here,  however, 
that  the  nitrogen  content  of  the  usual  dilutions  of  all  the  pollen 
extracts  was:  0.1,  0.05,  0.01,  0.005  and  0.001  mgm.  With 
many  of  the  vegetables  and  fruits  it  was  thought  advantageous  to 
leave  the  nitrogen  content  at  its  original  concentration. 

While  there  are  some  general  principles  that  apply  to  all  of 
the  members  in  each  of  the  several  groups  of  materials,  the  method 
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employed  for  each  group  must  be  modified  to  meet  certain  pecu- 
liarities of  some  of  the  members  of  the  group.  It  is  intended 
to  refer  to  some  of  these  peculiarities,  although  it  is  not  possible 
in  the  limits  of  this  communication  to  describe  the  procedure 
followed  in  each  of  the  individual  extracts  that  have  been  pre- 
pared. It  will  be  useful  to  describe  in  some  detail  the  method 
employed  in  several  instances  under  each  group. 

Dry  materials 

Whole  wheat  flour:  One  kilogram  of  the  flour  was  thoroughl}^  mixed 
with  150  cc.  of  toluol  and  then  with  2200  cc.  of  extracting  fluid.  After 
twenty-four  hours  at  room  temperature  in  which  the  mixture  was  once 
thoroughly  stirred  up  the  supernatant  fluid  was  drawn  off  into  a  filter- 
ing flask  with  the  use  of  negative  pressure.  With  the  sediment  2000 
cc.  of  fresh  extracting  fluid  were  mixed  and  after  a  further  period  of 
twenty-four  hours  the  supernatant  fluid  was  drawn  off  as  before  and 
mixed  with  the  first  extract.  Three  Hters  of  fluid  were  thus  obtained. 
A  slight  sediment  settled  in  the  fluid  over  night,  which  was  not  greatl}^ 
increased  in  the  next  few  days.  The  supernatant  fluid  was  filtered 
through  a  Berkefeld  filter.  Filtration  was  slow,  but  not  so  slow  as 
it  was  with  an  extract  of  another  sample  of  v/hole  wheat  flour  which 
had  been  prepared  previously.  One  cubic  centimeter  of  the  filtrate 
was  found  to  contain  175  mgm.  of  nitrogen. 

Rice  polish:^  1|  pounds  of  rice  meal  were  mixed  with  150  cc.  of 
toluol  and  this  mixture  was  stirred  well  first  with  one  hter  of  extracting 
fluid;  to  this  mixture  was  then  added  a  second  liter  of  extracting  fluid; 
the  mixture  was  left  at  room  temperature  until  the  following  day  when 
300  cc.  of  supernatant  fluid  were  drawn  into  a  filtering  flask.  750  cc.  of 
extracting  fluid  were  mixed  with  the  sediment  and  on  the  following  day 
an  additional  750  cc.  of  supernatant  fluid  v/ere  obtained  and  mixed  with 
the  first  extract.  After  a  first  filtration  through  the  Berkefeld  filter 
the  nitrogen  content  per  cubic  centimeter  was  1.4  mgm.     A  slight 

1  A  generous  quantity  of  this  material,  which  is  also  called  rice  meal,  was 
kindly  donated  by  the  Louisiana  State  Rice  Milling  Co.,  100  Hudson  Street, 
New  York  City.  It  has  been  assumed  that  the  allergen  of  rice  is  a  protein  which 
is  the  same  in  all  parts  of  the  grain.  In  accordance  with  this  idea  the  rice 
preparation  has  been  made  from  the  materials  ("rice  bran"  and  "rice  meal"), 
which  are  removed  from  the  grain  in  the  process  of  polishing,  because  these 
materials  contain  about  14  per  cent  of  protein. 
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precipitation  made  a  second  filtration  necessary.  The  nitrogen  con- 
tent after  this  final  filtration  was  practically  the  same  as  it  was  after 
the  previous  filtration. 

Dry  "navy"  bean:  The  dry  beans  were  ground  in  a  meat  chopper  and 
the  coarse  meal  was  then  ground  in  a  coffee  mill.  The  powder  was 
mixed  with  toluol  and  extracting  fluid.  After  twenty-four  hours  the 
fluid  was  pressed  out  through  a  clean  towel  and  centrifuged  in  a  Sharpies 
centrifuge.  The  extract  was  covered  with  toluol  in  a  tightly  stoppered 
flask  and  allowed  to  stand  at  room  temperature.  After  five  days  a 
voluminous  precipitate  had  formed  and  settled.  The  precipitate  was 
removed  in  the  Sharpies  centrifuge.  After  a  further  five  days  under 
toluol  a  second  precipitate  had  formed  which  was  hkewise  removed  by 
centrifugation.  Precipitation  continued  for  several  months.  A  clear 
extract  was  obtained  at  the  end  of  six  months  in  which  no  further  pre- 
cipitation had  taken  place  one  month  later.  One  cubic  centimeter  of 
extract  contained  5  mgm.  of  nitrogen. 

Horse  dander:  A  quantity  of  dander  obtained  by  currjang  and  con- 
taining few  hairs  was  mixed  with  three  volumes  of  ether  by  stirring. 
After  the  sediment  had  completely  settled  the  ether  was  decanted  and 
discarded.  The  material  was  again  extracted  with  another  equal  por- 
tion of  ether.  The  ether  was  completely  removed  from  the  sediment 
by  stirring  the  latter  in  a  beaker  which  was  immersed  in  hot  water 
(50  to  60°C.).  Fifty  grams  of  the  resultant  material  were  mixed  with 
100  cc.  of  toluol  and  then  with  1000  cc.  of  extracting  fluid.  The  mix- 
ture was  allowed  to  stand  over  night  in  a  stoppered  flask.  During  this 
period  the  mixture  was  shaken  once.  On  the  following  morning  the 
entire  mixture  was  shaken  up  and  thrown  on  a  hardened  filter  paper. 
Eight  hundred  cubic  centimeters  of  a  clear  brown  filtrate  were  obtained 
after  six  hours,  this  quantity  being  increased  to  800  cc.  over  night.  The 
filtrate  was  immediately  filtered  through  a  Berkefeld  filter.  One  cubic 
centimeter  of  the  filtrate  contained  0.5  mgm.  of  nitrogen.  The  filtrate 
remained  clear. 

Pollen:  90  grams  of  ragweed  pollen  were  treated  with  ether  in  the 
same  way  as  was  the  horse  dander  until  the  decanted  ether  showed  only 
a  sHght  3^ellow  color.  Four  or  five  extractions  suffice  for  ragweed 
pollen.  The  grass  pollens  contain  less  oil  than  the  ragweed  pollen. 
After  the  ether  had  been  removed  from  the  pollen  as  in  the  case  of  the 
dander,  the  entire  quantity  of  pollen  was  mixed  A\dth  2700  cc.  of  ex- 
tracting fluid.  The  mixture  was  covered  with  toluol  as  usual.  After 
four  da3^s,  during  which  time  the  sediment  was  shaken  up  once  or 


STUDIES   IN   SPECIFIC   HTPERSENSITIVENESS.      V  171 

twice  daily  the  supernatant  fluid  was  decanted  and  the  sediment  was 
mixed  with  a  second  portion  of  450  cc.  of  extracting  fluid.  As  soon  as 
the  sediment  had  settled  the  supernatant  fluid  was  decanted  and  mixed 
with  the  first  portion.  The  combined  decanted  fluid,  amounting  to 
3000  cc.  was  filtered  through  a  Berkefeld  filter.  One  cubic  centimeter 
of  filtrate  contained  0.3  mgm.  of  nitrogen.  The  filtrate  remained  clear. 
One  cubic  centimeter  of  an  extract  of  timothy  pollen  made  in  the  same 
way  contained  0.42  mgm.  of  nitrogen. 

Some  idea  of  the  rate  of  deterioration  of  the  pollen  extracts  was 
obtained  in  the  following  experience: 

Four  difTerent  preparations  of  the  extract  of  timothy  pollen 
were  made  with  the  extracting  fluid  in  the  manner  above  de- 
scribed. 

Preparation  Ta  was  made  March  4,  1921  and  kept  in  the  ice- 
box. 

Preparation  Tb  was  made  December  9,  1921. 

Preparation  Tc  was  made  November  10,  1920,  and  kept  at 
room  temperature  (15  to  32°C.). 

Preparation  Td  was  made  February  12,  1921,  and  kept  at  room 
temperature. 

The  nitrogen  content  of  the  four  preparations  per  cubic  cen- 
timeter was  as  follows:  Ta — 0.4  mgm.,  Tb — 0.36  mgm.,  Tc — 
0.28  mgm.,  and  Td — 0.336  mgm.  All  of  the  older  preparations 
had  been  preserved  in  their  original  concentration.  A  few  days 
after  preparation  Tb  was  made,  the  four  preparations  were  diluted 
to  an  equal  nitrogen  content  in  three  different  concentrations 
and  compared  in  the  clinic  as  to  their  specific  activity  by  in- 
tradermal injection  in  an  individual  subject  to  early  hay  fever. 
The  results  are  shown  in  table  1. 

These  results  indicate  that  the  pollen  extracts  deteriorate  some- 
what in  nine  months  if  they  are  kept  in  the  ice-box  and  that  this 
deterioration  is  considerably  greater  if  the  extracts  are  kept  at 
room  temperature. 

Feathers:  Feathers  are  washed  once  with  enough  ether  to  wet  them 
weU.  The  ether  is  wrung  out  by  hand  and  the  feathers  are  spread 
upon  clean  newspapers  to  dry.  The  removal  of  the  ether  is  hastened 
by  occasionally  turning  over  the  mass  of  feathers  and  by  compressing 
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them.  The  feathers  from  which  most  of  the  oil  has  been  thus  removed 
are  passed  in  successive  batches  through  2  one-hter  portions  of  extract- 
ing fluid,  each  batch  being  allowed  to  remain  about  ten  minutes  in  each 
portion  of  fluid.  Naturally  the  successive  batches  of  feathers  carry  a 
certain  quantity  of  fluid  with  them  after  the  immersion,  and  this  cir- 
cumstance places  a  hmit  on  the  quantity  of  feathers  that  can  be  treated 
in  this  way  by  the  two  hters  of  extracting  fluid.  On  the  other  hand,  the 
more  feathers  used  the  greater  will  be  the  concentration  of  the  extract- 
able  protein  in  the  resulting  extract.  After  the  last  batch  of  feathers 
has  been  carried  through,  the  two  portions  of  fluid  are  combined  and 
cleared  in  the  Sharpies  centrifuge.  As  precipitation  sometimes  takes 
place  in  the  extracts  of  feathers  it  is  well  to  allow  them  to  stand  for  a 
few  weeks  under  toluol  before  the  final  Berkefeld  filtration. 
Hair  and  wool  are  treated  in  the  same  way  as  feathers. 


Shoiving  the  relative  specific  aclivity  of  the  different  extracts  of  timothy  pollen  en 
intradermal  injection 
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Moist  materials 

Moist  materials,  from  which  little  or  no  juice  can  be  expressed  by 
hand,  such  as  meats,  sweet  potato,  green  pea,  turnip,  cauliflower,  and 
hma  bean,  are  passed  twice  through  a  meat  chopper,  mixed  with  ex- 
tracting fluid  and  covered  with  a  thin  layer  of  toluol.  The  extraction 
is  generally  interrupted  after  twenty-four  hours  and  the  fluid  is  obtained 
by  pressing  the  mixture  in  a  stout  towel  by  hand.  The  amount  of 
extracting  fluid  used  varies  with  the  nitrogen  content.  For  the  meat 
three  or  four  volumes  of  the  fluid  (figured  on  the  weight  of  the  material) 
are  used.     For  the  vegetables,  one  or  two  volumes. 

Some  of  the  shell  fish  jdeld  a  juice  in  addition  to  the  meat.  To  the 
juice  one-quarter  of  its  volume  of  preserving  fluid  is  added.  With  the 
chopped  meats  three  or  four  volumes  of  extracting  fluid  are  mixed. 
These  two  portions  are  then  thrown  together  and  allowed  to  stand  under 
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toluol  for  at  least  two  weeks.  With  some  of  the  fruits  and  vegetables 
that  can  be  peeled,  such  as  peach,  tomato,  orange,  lemon,  and  grape 
fruit,  it  is  advantageous  to  make  separate  preparations  of  the  pulp  and 
the  peel.  The  pulp  in  such  case  is  carefully  separated  from  the  remain- 
der of  the  fruit  and  the  juice  is  obtained  from  it  by  squeezing  through  a 
towel;  the  peel  is  ground  in  a  meat  chopper  and  mixed  with  a  quantity 
(not  too  great)  of  extracting  fluid.  Juices  of  fruit  and  of  some  of  the 
vegetables,  such  as  string  bean,  celery,  cabbage,  lettuce,  spinach,  cu- 
cumber, and  white  potato,  are  mixed  with  one-quarter  of  its  volume  of 
preserving  fluid  and  allowed  to  stand  in  well  stoppered  containers  under 
toluol  with  which  the  fluid  should  be  once  thoroughly  shaken. 

Miscellaneous  prejparalions 

In  general,  heat  has  been  avoided  in  the  preparation  of  the  extracts, 
although  according  to  Wodehouse  this  precaution  is  not  necessary  in 
the  case  of  some  of  the  vegetables.  In  the  preparation  of  fish  glue,  the 
glue  has  been  diluted  with  ten  times  its  weight  of  0.5  per  cent  sodium 
chloride.     The  diluted  material  has  been  sterilized  by  boihng. 

Egg  preparations 

As  in  the  early  experiments  of  Schloss,  different  proteins  of  the  egg 
have  been  isolated  for  separate  testing.  The  first  step  in  all  the  methods 
of  separation  of  the  egg  white  proteins  consists  in  dissolving  the  egg 
white  in  water.  This  process  is  expedited  by  forcing  the  whites  through 
a  moist  towel  into  the  diluting  fluid.  The  eggs  used  for  the  purpose 
were  strictly  fresh  (not  more  than  a  few  days  old).  Euglobulin  was 
obtained  by  saturating  a  30  per  cent  solution  of  egg  white  with  sodium 
chloride.  The  globulin  was  purified  by  repeated  precipitation.  The 
final  precipitate  was  diatyzed  against  1  per  cent  sodium  chloride  in  the 
presence  of  toluol.  The  diluted  material  was  kept  under  toluol  until 
the  solution  was  found  to  be  sterilized.  This  method  of  sterilization 
was  made  necessary  by  the  fact  that  the  globulin  could  not  be  filtered 
through  the  ordinary  Berkefeld  filter.  The  use  of  the  preparation 
was  discontinued  because  no  way  was  found  to  prevent  continued 
precipitation  of  the  substance. 

Pseudoglobulin,  crystalline  egg  albumin  and  ovo-mucoid  were  sepa- 
rated in  the  usual  way,  except  the  final  stages  of  precipitating  and 
washing  the  coagulable  proteins  with  alcohol.  This  step  was  omitted 
because  of  the  resulting  denaturing  of  the  proteins.  These  proteins 
can  be  sterilized  by  filtration. 
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In  carrying  out  the  cutaneous  test  upon  individuals  believed  to  be 
sensitive  to  egg  white  proteins  it  is  convenient  to  make  a  preliminary- 
test  with  the  whole  egg  white.  This  procedure,  however,  suffers  from 
the  disadvantage  that  the  several  component  proteins  of  egg  white 
are  not  present  in  equal  concentration.  At  the  suggestion  of  Dr. 
Cooke  we  have  attempted  to  overcome  this  difficulty  by  mixing  equal 
volumes  of  solutions  of  globulin,  albumin,  and  ovo-mucoid.  These 
solutions  contain  the  respective  isolated  proteins  in  the  same  concen- 
tration; namely,  1.5  mgm.  of  nitrogen  per  cubic  centimeter.  The 
globulin  had  been  separated  by  repeated  precipitation  with  half  satur- 
ated ammonium  sulphate.  This  preparation  no  doubt  contained 
albumin.  It  included  both  euglobulin  and  pseudoglobulin.  The 
ammonium  sulphate  had  been  removed  by  dialyzing  against  changes  of 
1  per  cent  sodium  chloride.  Toluol  was  used  as  an  antiseptic  during 
the  dialysis.  The  albumin  fraction  was  obtained  from  the  filtrate 
after  the  separation  of  the  globulin  by  the  addition  of  a  little  acetic 
acid  and  by  increasing  the  (NH4)2S04  saturation  to  a  little  over  7 
per  cent.  Both  crystalline  and  non-crystalline  albumin  were  thus 
included  in  this  fraction. 

Dilutions  of  the  egg  and  milk  proteins  have  been  made  with  0.4 
per  cent  carbolic  acid  in  1  per  cent  sodium  chloride.  This  diluting 
fluid  was  sterifized  by  Berkefeld  filtration. 

Carbolic  acid  should  not  be  mixed  in  concentrated  solutions,  such  as 
5  per  cent,  with  the  diluted  egg  proteins,  as  this  causes  precipitation 
of  some  of  the  proteins. 

Yolk  proteins:  For  the  separation  of  ovo-vitellin  we  have  used  the 
method  of  Levene  and  Alsberg,  up  to  the  point  of  extraction  with  alco- 
hol. This  latter  step  was  omitted.  The  final  precipitate  was  dis- 
solved in  10  per  cent  sodium  chloride  and  mixed  with  an  equal  volume 
of  distilled  water  which  was  added  slowly  with  constant  stirring.  Since 
the  substance  is  insoluble  in  physiological  saline  solutions  it  is  possible 
that  even  a  skin  potentially  sensitive  to  it  would  fail  to  react  to  its 
injection.  No  diagnostic  reactions  have  been  obtained  with  the  prep- 
aration.    Yolk  proteins  soluble  in  physiological  salt  solution. 

The  following  method  has  been  used  to  obtain  yolk  proteins  that 
are  soluble  in  physiological  saline  solution: 

The  yolks  were  separated  from  the  whites  and  placed  in  1  per  cent 
sodium  chloride  solution.  Each  yolk  was  lifted  out  of  the  fluid  in  a 
large  spoon  and  the  chalazae  and  fikn  of  egg  white  were  removed  with 
the  use  of  a  soft  towel  and  scissors. 


STUDIES   IN    SPECIFIC   HYPERSENSITIVENESS.      V  175 

After  a  further  rinsing  in  a  large  dish  of  1  per  cent  sodium  chloride 
solution  each  yolk  was  again  lifted  out  of  the  fluid  on  the  spoon  and 
the  surface  was  dried  with  a  towel.  The  j'olks  were  broken  up  in  a 
large  separatory  funnel  and  treated  with  several  portions  of  ether, 
then  with  about  f  to  f  volume  of  10  per  cent  sodium  chloride.  To  the 
resulting  solution  were  added  5  to  6  volumes  of  distilled  water  which 
precipitated  the  ovo-vitellin.  The  precipitate  was  removed  by  paper 
filtration.  The  filtrate  was  acidified  with  a  few  drops  of  40  per  cent 
acetic  acid  and  mixed  with  somewhat  more  than  an  equal  volume  of 
saturated  ammonium  sulphate.  The  resulting  precipitate  was  collected 
on  a  paper  filter,  placed  in  a  dialj'zing  bag  (fish  skin)  and  dialyzed  against 
changes  of  1  per  cent  sodium  chloride  until  no  trace  of  sulphate  remained 
in  it.     Toluol  was  depended  upon  for  sterilization. 

Milk  proteins:  Casein  is  precipitated  as  usual  with  acetic  acid  and 
separated  from  the  fluid  by  straining  through  a  stout  towel.  The 
towel  containing  the  casein  is  immersed  in  changes  of  water  in  which 
the  casein  is  thoroughly  washed.  With  the  aid  of  a  pestle,  the  casein 
is  forced  through  a  wire  kitchen  strainer,  while  an  assistant  keeps  the 
casein  well  moistened  with  distilled  water.  To  this  suspension  of  the 
precipitated  casein  in  water  4  per  cent  sodium  hj^droxide  is  slowly  added, 
while  the  mixture  is  continually  stirred.  The  addition  of  the  alkali  is 
continued  until  early  all  of  the  casein  is  dissolved.  Stirring  is  continued 
some  time  beyond  this  point  and  if  some  casein  still  remains  undissolved 
the  solution  will  be  neutral  to  Htmus. 

The  mixture  is  filtered  through  paper  and  the  filtrate  is  kept  under 
toluol.  Before  filtration  through  a  Berkefeld  filter,  the  solution  is 
further  diluted  with  0.4  per  cent  carboHc  acid  in  1  per  cent  sodium 
chloride  to  a  nitrogen  content  of  2  mgm.  per  cubic  centimeter.  After 
filtration,  the  nitrogen  content  per  cubic  centimeter  is  further  reduced 
to  1  mgm. 

From  the  original  acetic  acid  filtrate  the  other  proteins  are  precipi- 
tated with  the  addition  of  1|  volumes  of  saturated  ammonium  sulphate 
and  the  precipitate,  after  its  collection  on  a  paper  filter  is  freed  of  the 
ammonium  salt  by  dialysis  against  changes  of  1  per  cent  sodium  chloride. 

COLLECTION   OF   POLLENS 

In  the  collection  of  pollens,  tw^o  principal  requirements  have 
been  laid  down.  The  first  of  these  has  been  to  obtain  the  pollen 
as  free  as  possible  from  other  material  (dust  from  the  soil  and 


17G  ARTHUR   F.    COCA 

from  other  parts  of  the  plant);  the  second  equally  important 
requirement  is  that  all  moisture  be  eliminated  from  the  collected 
pollen  before  it  is  stored.  The  method  of  collection  is  different 
with  the  different  groups  of  plants;  that  for  the  grasses  is  as 
follows :  the  heads  are  cut  oft"  with  scissors  and  spread,  in  not  too 
thick  layer,  upon  strips  of  glazed  paper. 

In  order  to  obtain  the  pollen  as  free  from  extraneous  matter 
as  possible  it  is  important  to  shake  the  collected  heads  vigorously 
over  a  sieve  or  coarse  wire  netting  before  spreading  them  on  the 
paper.  The  room  used  for  this  purpose  should  be  warm,  dry, 
well  Ughted  and  protected  from  dust.  The  attic  rooms  of  the 
ordinary  house  are  generally  suitable.  Ordinarily  the  greater 
part  of  the  pollen  obtainable  in  this  way  drops  out  of  the  heads 
within  twenty-four  hours.  It  has  been  found,  however,  by 
transferring  the  heads  to  a  fresh  sheet  of  paper  at  the  end  of 
twenty-four  hours,  that  an  additional  quantity  of  pollen  can  be 
obtained  in  the  second  twenty-four  hours.  For  this  reason  alone 
it  seemed  profitable  to  leave  the  heads  on  the  glazed  paper  for 
at  least  forty-eight  hours.  A  more  important  advantage,  how- 
ever, is  offered  by  the  observance  of  this  longer  period.  This 
advantage  is  the  more  thorough  drying  of  the  pollen  wliich  is 
so  necessary  to  its  proper  preservation.  Pollen  that  has  been 
stored  in  tightly  stoppered  bottles  without  first  being  allowed 
to  dry  tends  after  a  time  to  form  clumps  and  may  even  become 
united  in  a  single  mass,  perhaps  under  the  influence  of  bacterial 
growth.  On  the  other  hand,  if  it  is  sufBciently  dried,  the  material 
remains  indefinitely  in  the  form  of  a  fine  yellow  powder. 

If  the  pollen  in  this  condition  is  protected  from  moisture  as  in 
a  tightly  closed  fruit  jar,  the  activity  of  the  extracts  made  from 
it  after  at  least  a  year's  standing  corresponds  as  in  the  begin- 
ning with  the  nitrogen  content.  There  is  thus  no  evidence  of 
deterioration. 

At  the  end  of  forty-eight  hours  the  heads  are  taken  up  from  the 
paper  and  rubbed  in  a  large  wire  sieve  in  order  to  obtain  most  of 
the  pollen  that  still  adheres  to  them.  The  pollen  together  with 
the  dried  flowers  of  the  grass,  which  likewise  have  dropped  off  or 
are  rubbed  off  in  the  sieve,  are  collected  in  one  place  by  raising 


STUDIES   IN   SPECIFIC   HYPERSENSITIVENESS.      V  177 

the  ends  of  the  paper  strips  and  tapping  the  under  surface  of  the 
paper.  The  whole  mass  is  then  emptied  into  a  clean  enameled 
pan.  Most  of  the  dried  flowers  can  be  removed  from  this  mass 
by  preliminary  sifting  with  a  fine  domestic  sieve  of  about  four 
inches  diameter.  The  final  sifting  should  be  carried  out  with  a 
200-mesh  copper  wire  sieve  with  the  use  of  a  soft,  fine,  hair 
brush  of  one  to  one  and  a  half  inch  breadth. 

The  season  for  collection  is  difTerent  with  the  different  grasses. 
That  for  the  most  important  member  of  this  group,  the  timothy 
grass,  begins  in  the  neighborhood  of  New  York  City  about  June 
20  and  ends  practically  July  6.  The  heads  are  not  ready  for 
picking  until  some  stamens  have  appeared  on  them.  The  most 
favorable  time  of  day  for  collection  is  in  the  late  afternoon  and 
evening.  We  have  an  impression  that  the  yield  of  pollen  is 
somewhat  greater  when  the  heads  are  collected  soon  after  a 
shower. 

The  season  for  collecting  ragw^eed  pollen  begins  about  August 
20  and  ends  about  September  5.  The  method  used  for  the  grasses 
is  not  applicable  here.  It  was  thought  necessary,  therefore,  to 
shake  off  the  pollen  as  it  ripens  naturally  in  the  field. 

The  pollen  of  a  single  plant  does  not  ripen  all  at  one  time  but 
over  a  period  of  a  week  or  longer.  Several  of  the  sessile  anthers 
on  a  single  bract  open  each  day  and  the  contained  pollen  is 
released.  This  process  takes  place  usually  in  the  morning  soon 
after  the  sunlight  has  reached  the  plant.  It  is  profitable  to  begin 
the  collection  as  soon  as  the  anthers  have  opened  because  after 
this  has  taken  place  the  pollen  begins  to  drop  out  by  its  own 
weight  or  is  carried  away  by  the  wind,  which  generally  begins  to 
blow  after  sunrise.  The  pollen  is  collected  by  bending  the  tops 
of  the  plants  down  so  that  they  can  be  inserted  into  the  collect- 
ing bags  and  gently  shaken.  The  pollen  is  readily  loosened  in 
this  way.  Too  vigorous  shaking  loosens  the  pollen  on  other 
parts  of  the  same  plant.  It  requires  some  dexterity  to  get  the 
tops  into  the  bag  before  the  pollen  has  been  jarred  off.  The 
bags  are  made  of  the  same  glazed  paper  as  was  used  for  the  collec- 
tion of  the  timothy  pollen,  and  they  measure  about  11  by  11 
inches. 
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Wliile  the  foregoing  method  of  collecting  ragweed  pollen  will 
always  be  useful  for  small-scale  collection,  it  will  be  superseded 
for  collection  on  a  large  scale  by  the  method  about  to  be 
described. 

After  the  bracts  have  begun  to  open  the  stems  that  bear 
them  are  gathered  and  allowed  to  dry.  When  the  bracts  are 
thoroughly  dried  they  are  stripped  off  the  stem  and  ground  in  a 
mortar  or  in  a  wooden  ball  mill  in  order  to  loosen  the  pollen. 
The  ground  mass  contains  not  only  the  pollen  but  also  other 
portions  of  the  bracts.  It  was  observed  that  the  pollen  sediments 
rapidly  in  ether  but  floats  in  carbon  tetrachloride  and  it  was 
suggested  by  Olin  Deibert  of  this  division  that  in  a  mixture  of 
these  two  fluids  the  pollen  alone  might  float  whereas  most  of  the 
other  parts  of  the  plant  might  sink.  After  some  experimentation 
by  Deibert  a  mixture  of  75  parts  of  carbon  tetrachloride  and  25 
parts  of  ether  was  found  to  effect  the  desired  result.  The  pollen 
recovered  by  this  method  may  be  washed  with  two  changes  of 
ether,  then  dried  and  sifted  in  a  200-mesh  wire  sieve  and  pre- 
served in  tightly  stoppered  bottles. 
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Among  the  various  forms  of  human  hjTDersensitiveness,  the 
susceptibility  to  ''poison  ivy"  presents  certain  peculiarities 
which  make  it  particularly  interesting.  One  of  these  peculiari- 
ties is  the  constancy  and  characteristic  features  of  the  lesion. 
These  features  are  the  vesicular  form,  the  erythema  and  the 
pruritus.  Some  preliminary  observations  by  my  colleagues, 
Drs,  Cooke  and  Coca,  seemed  to  indicate  two  other  striking 
peculiarities  of  this  condition.  Cooke's  experiences  (unpublished) 
had  resulted  in  the  impression  that  a  relatively  high  percentage 
of  adults  possess  a  sensitiveness  to  the  active  principle  of  "poison 
ivy"  as  shown  by  experimental  contact  cairied  out  with  a  method 
which  will  be  presently  described.  A  short  series  of  tests  car- 
ried out  by  Coca  (1)  with  the  same  method  seemed  to  indicate  that 
a  considerable  difference  of  susceptibility  to  ''poison  ivy"  existed 
between  adults  and  children  under  five  years  of  age.  Both  of 
these  impressions  demanded  further  investigation  before  a  final 
decision  regarding  them  could  be  reached.  Such  an  investiga- 
tion was  undertaken  and  the  results  of  it  are  here  presented. 

There  is  considerable  confusion  in  the  literature  as  to  the 
nomenclature  of  "poison  ivy."  In  the  present  paper  we  have 
employed  the  term  Toxicodendron  radicans  (L.),  to  designate 
"poison  ivy,"  "climbing  ivy"  or  "three-leaved  ivy,"  thus  fol- 
lowing the  classification  of  Kuntze  as  adopted  by  the  United 
States  Herbarium  at  Washington,  D.  C,  the  New  York  Botani- 
cal Garden,  and  other  institutions.     This  classification  appears 
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to  be  the  most  logical,  since  the  word  ''Rhus,"  the  term  used 
hitherto  for  the  genus,  is  applied  to  the  members  of  the  Sumac 
family,  that  are  not  poisonous,  being  replaced  by  the  genus  term 
"Toxicodendron"  (Greek,  ''poison  tree").  Under  this  system 
of  terminology,  Rhus  toxicodendron  L.  (Rhus  querdfolia  Steud.) 
"poison  oak,"  eastern  species,  becomes  Toxicodendron  toxi- 
codendron (L.)  Britton.  Rhus  vernix  (L.),  Rhus  venenata  D.  C, 
"poison  sumac,"  "swamp  sumac"  or  ''poison-wood,"  a  plant 
that  is  not  a  true  sumac,  becomes  Toxicodendron  vernix  (L.) 
Kuntze.  We  are  indebted  to  Mr.  Percy  Wilson  of  the  'New 
York  Botanical  Garden  for  his  assistance  in  the  problem  of  proper 
terminology. 

Many  explanations  have  been  offered  as  to  the  specific 
cause  of  Toxicodendron  poisoning.^  Burrill  (2)  believed  that 
poisoning  of  Rhus  toxicodendron  [Toxicodendron  radicans  (L.), 
Kuntze,]  was  due  to  bacterial  growths,  but  later  (3)  admitted 
that  his  hypothesis  had  not  been  proven.  Khittel,  as  quoted  by 
Warren  (4),  claimed  to  have  found  a  volatile  alkaloid  as  the 
cause,  while  Maisch  (5)  isolated  a  volatile  acid  which  he  called 
" toxicodendric  acid,"  and  to  which  he  ascribed  properties  simi- 
lar to  formic  and  acetic  acids.  Pfaff  (6)  proved  that  toxicoden- 
dric acid  was  in  reality  acetic  acid,  and  stated  that  the  toxic 
agent  was  a  non-volatile  oily  substance  which  he  named  "toxi- 
codendrol."  Acree  and  Syme  (7)  considered  the  poisonous 
principle  to  be  a  glucoside,  yielding  rhamnose,  fisetin  and  gallic 
acid  upon  boiling  with  dilute  acids.  Warren  (4),  working  upon 
the  poisonous  principle  of  Rhus  vernix  [Toxicodendron  vernix 
(L.),  Kuntze],  and  McNair  (8),  studying  the  poisonous  principle 
of  Rhus  diversiloba,  [Toxicodendron  diversilobum  (T.  and  G.), 
Greene]  were  unable  to  obtain  results  comparable  to  those  of 
Acree  and  830116.  Warren  and  McNair  isolated  an  acid  resin. 
Stevens  and  Warren  (9)  consider  the  active  principle  of  Rhus 
vernix  [Toxicodendron  vernix  (L.),  Kuntze]  to  be  a  resin  which  is 

1  The  term  poisoning  is  used  in  this  paper  as  a  convenient  designation  of 
Dermatitis  venenata  due  to  "poison  ivy,"  although  this  condition  is  obviously  not 
a  true  poisoning,  since  the  active  principle  by  injection  has  no  effect  upon  lower 
animals. 
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a  *^ clear,  amber,  oily,  red,  non-volatile  liquid"  and  ''a  powerful 
escharotic." 

With  the  use  of  a  95  per  cent  ethyl  alcoholic  extract  of  the 
fresh  leaves  of  Toxicodendron  radicans,  Cooke  (10)  was  able, 
in  1916,  to  reproduce  the  typical  vesicular  lesion  of  "poison 
ivy"  in  susceptible  individuals.  Cooke  employed  the  following 
method  of  applying  the  extract  for  test  purposes. 

The  extract  was  made  by  mixing  95  per  cent  ethyl  alcohol 
with^  fresh  leaves  of  Toxicodendron  radicans,  which  first  may  be 
run  through  a  meat  chopper.  This  mixture  was  allowed  to 
stand  for  a  few  days,  and  the  clear  extract  was  obtained  by 
paper  filtration.  A  deposit  of  some  resinous  material  upon  the 
wall  of  the  flask  indicated  that  the  extract  represented  a  satu- 
rated solution  of  the  active  principle.  In  our  experience,  such  an 
extract  shows  no  tendency  to  a  lessening  of  its  activity  within 
at  least  six  or  eight  months.  The  extract  employed  in  this 
investigation  was  at  no  time  more  than  four  months  old. 

In  the  center  of  the  gummed  surface  of  a  square  of  adhesive 
tape,  5  by  5  cm.,  there  was  placed  a  bit  of  white  blotting  paper 
0.5  by  0.5  cm.,  which  was  then  saturated  with  the  alcoholic  ex- 
tract of  Toxicodendron  radicans.  The  gummed  surface  of  the 
square  of  adhesive  was  then  applied  to  the  skin,  thus  bringing  the 
bit  of  blotting  paper,  while  still  saturated  with  the  alcoholic 
extract,  into  intimate  contact  with  the  epidermis.  We  have 
termed  this  the  ''patch  test."  The  flexor  surface  of  the  forearm 
was  chosen  because  of  the  more  delicate  texture  of  the  skin  of 
this  region,  and  because  of  its  accessibility.  There  was  no 
previous  preparation  of  the  surface  to  be  tested.  After  a  period 
of  three  days  the  patch  was  removed,  and  the  area  was  washed, 
first  with  ether  to  take  away  any  remaining  portions  of  the 
adhesive,  and  then  with  alcohol  to  remove  all  traces  of  the  active 
principle.  The  skin  was  inspected  for  the  vesicular  lesion  typical 
of  ivy  poisoning.  Every  forearm  that  had  been  tested  was 
examined  twice  a  week,  and  differences  in  the  findings  were 
noted.  A  reaction  was  considered  positive  when  a  typical  vesicu- 
lar lesion  of  poison  ivy  was  reproduced  beneath  the  patch.  No 
case  was  considered  positive  unless  there  was  vesiculation  with 
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erythema  and  local  itching.  Plus  signs,  with  the  usual  interpre- 
tation, are  employed  in  the  tables  to  describe  the  degree 
of  reaction. 

The  solid  residue  of  a  chloroform  extract  was  also  employed. 
This  material  was  applied  directly  to  the  skin  over  an  area  about 
0.5  cm.  in  diameter.  This  area  was  covered  with  a  square  of 
adhesive  tape  to  the  center  of  the  gummed  surface  of  which  was 
placed  a  square  of  glazed  paper  about  1  by  1  cm.  to  prevent 
absorption  of  the  residue  by  the  adhesive  material. 


TABLE  1 

Com.'parison  of  the  intracutaneous  and  patch  methods 

SEX 

INITIALS 

DAY  OF  OBSERVATION 

Third 

Seventh 

Tenth 

Fourteenth 

Seventeenth 

NUM- 
BER 

2 

o 

i 

3 

o 

2 

i 

a 

OJ 

c 

a 

C3 

3 

'S 

3 

3 

3 

1 

-f 

g 

XI 

§ 

X3 

-g 

1 

J3 

ii 

*i 

&i 

^ 

c3 

C3 

M 

Ch 

l-H 

»s 

Ph 

►^ 

(^ 

►^ 

a, 

66852 

F 

S.  B. 

0 

+ 

0 

+  + 

0 

++ 

0 

++ 

0 

+  + 

67001 

F 

H.  L. 

0 

+ 

0 

+ 

0 

+ 

0 

+ 

0 

+ 

72295 

F 

I.  G. 

0 

++ 

0 

+  + 

72294 

M 

A.  K. 

0 

++++ 

0 

+  +  +  + 

0 

++++ 

0 

++++ 

0 

+  +  +  + 

69407 

F 

C.  S. 

0 

+++ 

0 

+  +  + 

0 

+++ 

0 

+++ 

0 

+  ++ 

71003 

F 

T.  D. 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 

73603 

F 

G.  0. 

0 

+++ 

0 

+++ 

0 

+++ 

0 

At  the  beginning  of  this  study  a  comparison  was  made  between 
the  intracutaneous  and  the  patch  methods  of  testing.  The 
usual  intracutaneous  method  was  employed  in  performing  these 
tests.  A  fine  hyperdermic  needle  was  introduced  into  the  layers 
of  the  skin,  and  a  small  wheal  was  produced  by  the  injection  of 
about  0.05  cc.  of  the  alcoholic  extract  of  Toxicodendron  radicans. 
A  control  of  95  per  cent  ethyl  alcohol  was  injected  in  each  case. 

It  was  found  in  a  selected  series  of  seven  cases  (table  1),  that 
whereas  all  the  cases  were  positive  to  the  patch  test,  three  being 
markedly  so,  in  none  was  there  a  positive  result  with  the  intra- 
cutaneous method.     In  a  series  of  thirty  cases,  using  the  ender- 
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mal  (intracutaneous)  tests,  Strickler  (11)  asserts  that  "a  positive 
reaction  is  indicated  by  a  papule,  redness  and  tenderness  at  the 
site  of  injection,"  at  the  end  of  forty-eight  hours,  and  claims  to 
be  able  to  differentiate  between  ivy  and  sumach  poisoning  with 
this  test.  Strickler  mentions  a  list  of  thirty  cases  which  were 
successfully  diagnosed  by  this  method.  His  method  of  pre- 
paring the  poison  ivy  extract  to  be  used  in  the  tests,  consists  of 
''gathering  the  fresh  leaves  of  poison  ivy  and  extracting  with 
absolute  alcohol,  filtering  and  precipitating.  The  precipitate 
is  dried  and  extracted  in  Soxhlet  extractors  for  ten  hours.  The 
extract  obtained  is  dried  at  low  temperature.  The  toxin  is 
carefully  weighed,  and  dissolved  in  absolute  alcohol,  to  which  a 
certain  amount  of  sterile  water  is  added  to  make  it  non-irritating." 
This  is  apparently  Syme's  (12)  method.  In  our  experience  the 
injection  of  the  alcohol  alone  produced  the  same  effect  as  did 
the  injection  of  the  extract  itself.  In  both  instances,  only  a 
papule  about  0.5  cm.  in  diameter  with  erythema  was  produced, 
a  lesion  quite  different  from  the  vesicular  lesion  of  Dermatitis 
venenata.  Hence,  we  considered  the  intracutaneous  test  of  no 
value. 

DIFFERENCES  IN  INCUBATION  PEPJODS 

One  of  the  outstanding  features  of  ivy  poisoning  is  the  incuba- 
tion period.  In  even  the  most  sensitive  individuals  this  feature 
is  present.  In  the  pubUshed  records  of  the  clinical  m.anifesta- 
tions  of  ivy  poisoning,  there  are  indications  of  a  difference  in  the 
incubation  period  of  this  condition  in  different  individuals,  but 
this  point  has  not  been  systematically  investigated.  McNair 
(13)  notes  that  ''within  twenty-four  hours  after  exposure  (to 
Rhus  poisoning)  patients  frequently  break  out  with  a  rash. 
This  latent  period  or  period  of  incubation,  is  dependent  on  the 
slow  diffusibility  of  the  poison  into  and  within  the  skin,  as  well 
as  in  the  predisposition  of  the  patient."  White  (14)  has  never 
seen  ivy  poisoning  develop  clinically  after  the  fifth  day  of  incuba- 
tion and  in  his  experience  the  lesions  usually  appear  within 
twenty-four  to  forty-eight  hours.  Schamberg  (15)  also  thinks 
that  twenty-four  to  forty-eight  hours  is  the  usual  clinical  incuba- 
tion period. 
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As  the  individuals  that  were  used  in  the  present  investigation 
were  kept  under  continued  observation,  it  was  possible  to  study 
systematically  the  differences  in  the  period  of  incubation.  The 
incubation  period  was  found  in  some  instances  to  be  unexpectedly 
prolonged.  In  one  individual,  in  fact,  no  effect  was  observed 
until  the  twenty-fourth  day  when  a  one  plus  reaction  developed 
at  the  site  of  the  patch  test.  This  reaction  consisted  of  an  area 
of  erythema  in  which  were  several  elevations  not  distinctly 
vesicular.  There  was  definite  itching.  In  the  absence  of  char- 
acteristic vesicles  there  may  be  some  doubt  as  to  the  specific 
nature  of  this  lesion. 

The  tested  individuals  have  been  divided  into  two  groups. 
Group  1  is  composed  of  those  individuals  that  were  observed  for 
a  minimum  of  ten  days.  The  results  of  the  tests  of  these  cases 
are  presented  in  table  2,  Group  2  is  composed  of  those  indivi- 
duals that  were  observed  for  only  seven  days.  The  results  of 
the  tests  upon  these  individuals  are  shown  in  table  3.  No  case 
was  included  in  either  group  that  was  not  seen  on  each  consecu- 
tive observation  day.  No  cases  were  recorded  that  were  not 
observed  for  at  least  two  consecutive  observation  days. 

In  group  1  there  are  80  cases,  28  (or  35  per  cent)  of  which  were 
found  to  be  insusceptible  to  the  tests  during  the  entire  observa- 
tion period  of  10  to  17  days.  These  28  cases  were  not  included 
in  the  table  (table  2),  as  they  had  no  incubation  period  and  add 
no  information.  If  all  of  the  80  cases  had  been  judged  by  the 
results  recorded  on  the  third  day,  48  cases  (or  60  per  cent)  would 
have  been  classed  as  negative,  an  error  of  25  per  cent.  If  all 
of  the  cases  had  been  judged  by  the  third  and  the  seventh  day 
readings  only,  40  cases  (or  50  per  cent)  would  have  been  classed 
as  negative,  an  error  of  15  per  cent.  If  these  cases  had  been 
judged  by  the  third,  fifth  and  seventh  day  readings,  33  cases 
(or  41  per  cent)  would  have  been  judged  negative,  an  error  of 
6  per  cent.  From  these  figures  it  is  seen  that  the  degree  of  error 
in  the  determination  of  susceptibility  by  this  method  drops  from 
25  per  cent  on  the  third  day  of  observation,  to  6  per  cent  on  the 
tenth  day  of  observation.  This  emphasizes  the  importance  of 
not  judging  the  reaction  from  a  patch  test  until  after  a  ten  day 
observation  period. 
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TABLE  2 
Group  1.  Cases  arranged  according  to  length  of  incubation  period 


AGE 

SEX 

INITIALS 

DAT  OF  OBSERVATION 

Cf'ART 

X 

1 

2 

5 

■p 

> 

eg 

1 

1 

1 

1 

1 

1 

t 

72543 

18 

M 

J.  c. 

0 

0 

0 

0 

0 

0 

+ 

76625 

48 

F 

R.  K. 

0 

0 

0 

+ 

70432 

21 

F 

E.  K. 

0 

0 

0 

+ 

+ 

+ 

71737 

17 

F 

L.  W. 

0 

0 

0 

+ 

+ 

70745 

42 

M 

P.  V. 

0 

0 

0 

+ 

70137 

44 

F 

A.  B. 

0 

0 

+ 

+ 

+ 

65139 

14 

M 

A.  P. 

0 

0 

+ 

+ 

+ 

74534 

47 

M 

J.  K. 

0 

0 

+ 

+ 

0 

66997 

10 

F 

C.  B. 

0 

0 

+ 

+ 

+ 

70728 

26 

F 

E.  K. 

0 

0 

+ 

+ 

+ 

73666 

35 

M 

A.  D. 

0 

0 

+ 

+ 

73063 

40 

M 

S.  N. 

0 

0 

+ 

+ 

70531 

20 

M 

M.  H. 

0 

0 

+ 

+ 

75277 

29 

M 

M.  P. 

0 

+ 

+ 

-1- 

+ 

71110 

45 

F 

M.  G. 

0 

+ 

+ 

+ 

+ 

71090 

49 

F 

M.  L. 

0 

+ 

+ 

+ 

+ 

69954 

40 

F 

C.  G. 

0 

+ 

+ 

+ 

+++ 

65417 

27 

M 

A.  J. 

0 

+ 

+ 

+ 

+ 

70255 

31 

M 

S.  S. 

0 

+ 

+ 

+ 

0 

6G107 

62 

M 

L.  M. 

0 

+ 

0 

0 

60844 

18 

M 

E.  G. 

++++ 

++++ 

++++ 

+ 

72294 

37 

M 

A.  K. 

++++ 

++++ 

++++ 

++++ 

++++ 

65423 

8 

M 

F.  B. 

+++ 

++ 

+ 

+ 

+ 

61220 

24 

M 

W.  M. 

+++ 

+++ 

++ 

++ 

++ 

65951 

66 

M 

C.  T. 

+++ 

+++ 

+++ 

++++ 

++++ 

69407 

10 

F 

C.  S. 

+++ 

+++ 

+++ 

+++ 

+++ 

71423 

20 

M 

M.  M. 

+++ 

+++ 

+++ 

++ 

++ 

70256 

31 

M 

P.  K. 

++ 

++ 

++ 

++ 

++ 

69154 

51 

F 

L.  B. 

++ 

+ 

+ 

+ 

+ 

75040 

45 

M 

C.  L. 

++ 

++ 

+++ 

++ 

++ 

66852 

44 

F 

S.  B. 

++ 

++ 

++ 

++ 

++ 

67001 

26 

F 

H.  L. 

++ 

++ 

+ 

+ 

+ 

70827 

44 

F 

H.  N. 

++ 

++ 

++ 

+ 

+ 

62424 

40 

M 

M.  M. 

++ 

++ 

+ 

+ 

+ 

66616 

40 

F 

I.  F. 

++ 

++ 

+ 

+ 

+ 

73507 

40 

F 

J.  S. 

++ 

+ 

+ 

+ 

0 

62626 

12 

M 

A.  0. 

++ 

++ 

++ 

+ 

73906 

30 

M 

G.  B. 

++ 

+ 

+ 

+ 

+ 
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TABLE  2— Continued 


AGE 

SEX 

INITIALS 

DAY  OF  OBSERVATION 

CHAHT 
NUMBER 

J3 

1 

E 

•5 

3 
O 

1 

1 

> 

a 

63620 

10 

F 

C.  R. 

+ 

+ 

+ 

+ 

+ 

15660 

12 

F 

L.  S. 

+ 

+ 

0 

0 

0 

74123 

45 

F 

J.  L. 

+ 

+ 

+ 

+ 

+ 

66103 

22 

M 

w.  s. 

+ 

+ 

+ 

++ 

+ 

73514 

3 

F 

M.  R. 

+ 

+ 

+ 

+ 

+ 

6940 

34 

M 

R.  A. 

+ 

+ 

+ 

+ 

+ 

67508 

28 

F 

A.  M. 

H- 

+ 

0 

0 

0 

69572 

26 

F 

E.  D. 

+ 

+ 

+ 

+ 

+ 

73504 

36 

F 

I.  S. 

+ 

0 

0 

0 

0 

71623 

28 

M 

M.  S. 

-f 

+ 

+ 

+ 

+ 

196 

43 

F 

F.  P. 

+ 

+ 

+ 

71615 

33 

M 

J.  K. 

+ 

+ 

+ 

+++ 

+++ 

65656 

60 

M 

P.  C. 

+ 

+ 

0 

0 

0 

71827 

44 

F 

H.  M. 

+ 

+ 

+ 

+ 

In  group  2  (table  3)  there  are  24  cases,  13  or  54  per  cent  of 
which  are  negative  when  classed  by  the  reaction  that  had  devel- 
oped by  the  third  day  only.  When  judged  by  both  the  third 
and  the  seventh  day  observations,  10  or  46  per  cent  were  nega- 
tive. It  will  be  seen  that  the  results  from  the  third  day  obser- 
vations and  from  the  third  and  seventh  day  observations  in 
groups  1  and  2  are  very  similar. 

DIFFERENCES    IN    SUSCEPTIBILITY 

It  is  evident  in  the  results  of  the  tests  in  all  of  the  tables,  that 
the  different  individuals  are  not  equally  susceptible.  In  fact, 
every  degree  of  susceptibihty  was  observed  from  the  least  to 
the  greatest.  All  of  the  markedly  reacting  cases  had  developed 
the  typical  lesion  by  the  third  observation  day.  Where  the 
mcubation  period  was  longer  than  three  days,  the  degree  of  the 
local  test  reaction  was  slight,  being  one  plus  in  every  instance. 
In  three  of  the  most  susceptible  cases,  in  addition  to  the  typical 
lesion  produced  beneath  the  patch,  lesions  upon  the  arms,  hands 
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and  ankles,  with  general  pruritus,  had  developed  within  twenty- 
four  hours,  that  is,  before  the  patch  was  removed.  Close  ques- 
tioning had  revealed  that  these  individuals  had  not  been 
exposed  to  poison  ivy  other  than  by  the  patch  tests.  In  these 
indi\'iduals,  the  adhesive  plaster  was  still  in  place  upon  the  third 
day,  and  the  area  was  washed  with  ether  immediately  upon  its 

TABLE  3 
Group  2.  List  of  cases  observed  for  7  days  only 


DATS  OF  OBSERVATION 

CASE  NDMBEB 

AOE 

SEX 

INITIALS 

Third 

Seventh 

70528 

36 

M 

M.  P. 

+  +  +  + 

++H- 

73766 

30 

F 

A.  R. 

+  + 

++ 

75356 

34 

M 

F.  R. 

+  +  + 

+++ 

75401 

28 

M 

F.  P. 

+  + 

++ 

72295 

30 

F 

I.  G. 

+  + 

++ 

72879 

16 

M 

A.  A 

+  + 

++ 

72554 

16 

F 

E.  D. 

+  + 

+ 

73279 

24 

F 

A.  T. 

+  + 

+ 

65949 

45 

M 

M.  B. 

+ 

+ 

70816 

11 

M 

V.  C. 

+ 

+ 

62629 

47 

M 

W.  R. 

+ 

+ 

69568 

53 

M 

L.  S. 

0 

0 

71086 

48 

M 

E.  C. 

0 

0 

70830 

45 

M 

I.  W. 

0 

0 

66106 

29 

F 

S.  R. 

0 

0 

73579 

43 

M 

W.  K. 

0 

0 

68120 

48 

M 

C.  B. 

0 

0 

73586 

50 

M 

J.  K. 

0 

0 

73416 

42 

F 

A.  W. 

0 

0 

74938 

7 

M 

R.  F. 

0 

0 

75357 

57 

M 

F.  D. 

0 

+ 

75399 

29 

F 

D.  L. 

0 

+ 

75399a 

36 

F 

J.  C. 

0 

+ 

68809 

67 

M 

J.  S. 

0 

0 

removal.  The  alcohoUc  extract  had  been  used  in  the  tests  and 
in  impregnating  the  bits  of  blotter  with  the  extract,  an  exce^ 
was  avoided,  because  such  an  excess  would  have  prevented  the 
proper  adhesion  of  the  patch.  These  cases,  therefore,  suggest 
the  possibihty  that  the  typical  dermatitis  of  poison  ivy  develops 
not  only  at  the  point  of  original  contact  with  the  active  principle 
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but  also  at  times  upon  skin  surfaces  distant  from  the  primary 
lesion,  by  transference  of  the  active  substance  through  the  blood 
and  lymph.  While  this  explanation  appears  plausible,  the 
possibility  must  be  considered  that  some  of  the  active  substance 
diffused  through  the  adhesive  material,  in  which  it  is  readily 
soluble,  and  thus  arrived,  either  at  the  edges  of  the  patch,  or 
on  the  external  surface  of  the  canvas,  from  which  sites  it  could 
be  transferred  to  other  parts  of  the  body  by  external  routes. 

A  correlation  of  the  different  degrees  of  experimental  suscepti- 
bility noted  above,  with  the  degree  of  clinical  susceptibihty  in  the 

TABLE  4 
Tests  upon  group  of  boys 


DAT  OF  OBSEKVATION 

<'ASE 

CLINI- 

nt;.m- 

AGE 

CLINICAL  HISTORY 

CAL 

BEB 

ONSET 

Third 

Seventh 

Four- 
teenth 

109 

14 

General,  face  and  body 

2 

+  +  +  + 

+  +  +  + 

+  + 

112 

15 

General,  face  and  body 

2 

+ 

+ 

0 

117 

20 

Severe  on  hand  and  feet 

2 

+ 

+ 

0 

114 

16 

Severe  on  hands 

2 

+  +  + 

+  +  + 

+ 

115 

17 

Severe  on  feet 

2 

+  +  +  + 

+  +  +  + 

++ 

116 

18 

Slight 

2 

+  + 

+  + 

0 

110 

15 

Slight 

2 

+  + 

+  + 

0 

111 

15 

Slight 

3 

+ 

+ 

0 

108 

14 

Slight 

2 

+  + 

+ 

0 

106 

13 

Slight,  on  extremities 

3 

+ 

+ 

0 

105 

13 

Negative 

0 

+ 

+ 

0 

107 

14 

Negative 

0 

0 

0 

0 

113 

15 

Negative 

0 

0 

0 

0 

same  individuals,  could  not  be  undertaken  in  these  series  since 
most  of  the  individuals  were  of  foreign  birth,  and  were  not  ac- 
quainted with  poison  ivy  or  its  natural  effects.  However  the 
opportunity  for  making  such  a  correlation  was  offered  in  a  group 
of  boys.  The  protocol  of  these  comparative  observations  is 
presented  in  table  4.  The  group  consisted  of  thirteen  boys  be- 
tween thirteen  and  twenty  years  of  age,  who,  in  midsummer, 
pitched  camp  at  a  site  covered  with  poison  ivy  vine.  Ten  of 
the  thirteen  gave  the  clinical  history  of  ivy  poisoning  as  the 
result  of  this  experience.     The  tests,  in  two  of  the  three  clini- 
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cally  negative  cases,  were  negative.  The  third  chnically  nega- 
tive case  gave  a  faintly  positive  reaction  (one  plus)  by  patch 
test  on  the  third  day,  but  this  reaction  was  as  pronounced  as  in 
four  other  cases  chnically  positive,  in  two  of  whom  the  attack 
was  mild,  in  two,  severe.  All  of  the  cases  giving  severe  test 
reactions  had  suffered  severe  poisoning  while  in  camp.  Two 
other  cases  that  had  been  severely  affected  while  in  camp  gave 
only  faintly  positive  reactions.  No  indi^'idual  that  had  exhibited 
any  degree  of  clinical  susceptibihty  was  negative  on  test.  The 
chnical  incubation  period  of  all  the  cases  was  practically  the  same, 
the  dermatitis  appearing  upon  the  evening  of  the  second  day  in 
all  but  two  of  the  cases.  In  these  two  cases  the  lesions  occurred 
upon  the  morning  of  the  third  day. 

In  general  it  can  be  said  that,  with  the  kind  of  extract  employed, 
there  is  a  degree  of  parallehsm  between  the  results  of  the  tests 
and  the  clinical  history  of  the  cases. 

AGE     INCIDENCE 

Of  the  eighty  indi\dduals  included  in  group  1,  52,  or  65  per 
cent,  responded  -wdth  a  positive  reaction  to  the  patch  test.  All 
but  one  of  these  individuals  were  eight  years  of  age,  or  over. 
The  number  of  tested  individuals  in  the  different  age  periods  is 
too  small  to  permit  a  definite  conclusion  as  to  a  possible  differ- 
ence in  susceptibility  in  poison  ivy  among  individuals  over  eight 
years  of  age.  For  purposes  of  comparison  however,  we  may  take 
65  per  cent  as  representing  approximately  the  average  suscepti- 
bihty of  the  indi\'iduals  over  eight  years  of  age  with  the  technic, 
and  with  the  use  of  the  alcohol  or  chloroform  extracts  described 
above.  Through  the  courtesy  of  Dr.  F.  H.  Bartlett  oppor- 
tunity was  afforded  to  apply  the  patch  tests  in  18  infants  be- 
tween five  weeks  and  eighteen  months  of  age,  all  patients  in 
Dr.  Bartlett's  service  at  the  Babies'  Hospital,  New  York  City. 
The  results  of  these  tests  are  shown  in  table  5.  Two  tests  were 
carried  out  in  each  case.  On  one  arm  the  alcohohc  extract  was 
appUed  by  means  of  the  patch  test.  On  the  other  arm  the  residue 
of  the  chloroform  extract  was  employed  in  the  manner  pre\dously 
described.  It  is  seen  that  no  positive  reaction  occurred  by  either 
test. 
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TABLE  5 
Tests  upon  infants 


DAYS  OP  OBSERVATION 

CASE  NUMBER 

AGE 

SEX 

Third 

Seventh 

Tenth 

months 

118 

u 

F 

0 

0 

Home 

119 

2 

F 

0 

0 

0 

120 

41 

M 

0 

0 

0 

121 

5 

M 

0 

0 

Home 

122 

5 

M 

0 

0 

0 

123 

6 

M 

0 

0 

0 

124 

6 

F 

0 

0 

0 

125 

6^ 

M 

0 

0 

Home 

126 

7 

F 

0 

0 

0 

127 

7 

F 

0 

0 

0 

128. 

8 

F 

0 
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0 

129 

8 

M 

0 

0 

Home 

130 

101 

M 

0 

0 

0 

131 

11 

M 

0 

0 

0 

132 

11 

F 

0 

0 

0 

133 

12 

F 

0 

0 

0 

134 

12 

F 

0 

0 

Home 

135 

16 

F 

0 

0 

0 

136 

18 

M 

0 

0 

0 

SUMMARY 

1.  The  typical  vesicular  lesion  of  Dermatitis  venenata  can  be 
produced  by  means  of  an  alcoholic  or  chloroform  extract  of  the 
fresh  leaves  of  Toxicodendron  radicans,  appUed  to  the  skin  surface. 

2.  In  our  hands,  the  typical  vesicular  lesion  of  Dermatitis 
venenata  could  not  be  produced  by  the  intradermal  injection 
of  an  active  alcohohc  extract.  The  lesion  thus  produced  was  not 
different  from  that  caused  by  the  intradermal  injection  of 
the  solvent. 

3.  With  the  patch  test,  differences  can  be  demonstrated  in 
the  susceptibihty  of  different  individuals  to  poison  ivy,  and  in  the 
incubation  period  of  the  lesion. 

4.  With  the  technic  used,  infants  could  not  be  shown  to  be 
susceptible. 
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Any  classification  of  the  various  forms  of  hypersensitiveness 
must  be  considered  tentative  so  long  as  the  mechanism  of  these 
phenomenona  remains  unknown.  In  the  absence  of  this  know- 
ledge, however,  it  is  useful  to  group  the  phenomena  according 
to  the  facts  at  hand.  Thus,  anaphylactic  hypersensitiveness  can 
be  properly  separated  from  all  the  other  forms  because  there  is 
no  satisfying  evidence  that  these  latter  are  dependent  upon  an 
antibody-antigen  mechanism,  as  is  the  former. 

In  a  previous  publication  the  author  associated  the  drug,  food 
and  animal  idiosyncrasies,  hayfever,  asthma,  serum  disease  and 
dermatitis  venenata  under  the  term  allergy.  Two  of  these 
conditions  are  distinguished  from  the  others  by  noteworthy 
peculiarities.  Serum  disease  presents  the  almost  constant 
characteristic  of  the  incubation  period  and  dermatitis  venenata 
differs  from  the  others  in  which  the  skin  is  involved,  in  the  con- 
stant and  characteristic  nature  of  the  lesion.  It  has  been  re- 
cently found,  also,  that  serum  disease  differs  strikingly  from  most 
of  the  other  forms  of  human  hypersensitiveness  in  its  percentage 
incidence.  The  observations  of  Longcope  and  Mackenzie  and 
of  Rufus  Cole  supported  by  statistics  collected  in  the  Boston 
City  Hospital  (1)  indicate  that  about  90  per  cent  of  the  white 
race  are  susceptible  to  ordinary  serum  disease  upon  intravenous 
administration  of  large  quantities  of  horse  serum.  A  high  per- 
centage of  susceptibility  also  to  poison  ivy  is  indicated  by  some 
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experiments  by  Cooke  and  by  the  writer;  which  will  be  presently 
described.  According  to  Cooke  and  Vander  Veer  (2),  on  the 
other  hand,  only  about  10  per  cent  of  the  white  race  are  subject 
to  the  natural  allergies. ^ 

These  differences  are  all  so  wide  that  they  suggest  a  difference 
in  the  underlying  mechanism  of  the  respective  phenomena, 
notwithstanding  the  apparent  association  of  all  of  them  as  re- 
vealed in  the  general  lack  of  susceptibility  in  the  American 
Indian  (1). 

It  is  the  purpose  of  the  present  communication  to  describe  an 
additional  difference  between  the  natural  allergies  and  the  two 
other  forms  of  human  hypersensitiveness  as  well  as  a  certain 
apparent  difference  between  these  latter  two. 

In  their  notable  paper  on  the  ''human  sensitizations,"  Cooke 
and  Vander  Veer  (2)  showed  that  the  age  incidence  of  hayfever, 
asthma  and  the  food,  drug  and  animal  idiosyncracies  is  governed 
by  heredity.  For  example,  if  both  parents  are  affected,  36.3  per 
cent  of  the  potentially  susceptible  offspring  begin  to  exhibit 
symptoms  within  the  first  five  years  of  life.  This  figure  is  in 
significant  contrast  with  the  percentage  incidence  for  this  period 
of  life  among  potentially  susceptible  individuals  whose  antecedent 
family  history  is  negative  with  respect  to  natural  allergies;  that 
incidence  is  only  5.1  per  cent. 

From  table  2  of  the  paper  by  Cooke  and  Vander  Veer  can  be 
calculated  the  age  incidence  of  all  potentially  susceptible  in- 
dividuals without  regard  to  the  family  history  This  incidenced 
taken  in  successive  five  year  periods  is  11.6,  16.2,  15.2,  11.6, 
13.8.  11,  9.8,  6,  1.2  per  cent,  with  3.6  per  cent  for  the  entire 
period  over  45  years.  With  these  figures  we  can  see  how  many 
of  one  generation  of  potential  susceptibles  have  begun  to  exhibit 
symptoms  in  the  different  age  periods  by  taking  the  sum  of  the 

1  In  this  paper  the  expression  "natural  allergies"  will  be  used  for  the  sake  of 
convenience  to  designate  those  forms  of  human  hypersensitiveness  which  result 
from  natural  contact  with  the  exciting  agent.  For  the  writer's  convenience,  also, 
although  quite  illogically,  the  susceptibility  to  poison  ivy  will  be  excluded  from 
this  group,  which  will  comprise  those  characterized  by  the  symptoms  of  hay- 
fever,  asthma,  multiform  eruption,  angio-neurotic  edema  and  some  other  symp- 
toms after  natural  contact. 
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individual  percentage  for  all  of  the  preceding  age  periods.  Thus, 
11.6  per  cent  of  the  potential  susceptibles  present  symptoms  by 
by  the  fifth  year;  27.8  per  cent  present  symptoms  by  the  tenth 
year;  43  per  cent  are  affected  by  the  fifteenth  year  and  so  on  up 
to  the  last  age  period  of  over  45  years  when  all  of  the  potential 
susceptibles  or  100  per  cent  have  become  affected. 

Thus,  it  is  evident  that  as  a  generation  advances  in  years  the 
number  of  its  members  affected  with  the  natural  allergies  con- 
stantly increases. 

The  percentages  taken  from  table  2  of  Cooke  and  Vander  Veer 
are  calculated  with  reference  to  the  number  of  potentially  sus- 
ceptible individuals  and  not  to  the  whole  number  of  individuals 
in  the  generation.  However,  it  is  evident  that  if  the  correspond- 
ing percentages  could  be  calculated  with  reference  to  the  entire 
generation  these  would  be  merely  much  smaller  than  those  re- 
ferring to  the  susceptible  group;  their  mathematical  ratios  to 
one  another  would  remain  unchanged. 

In  other  words,  the  percentage  of  individuals  affected  with  the 
symptoms  of  the  natural  allergies  increases  considerably  in  each 
generation,  at  least  in  the  early  successive  Ufe  periods.  Thus 
the  percentages  in  the  second  and  third  life  periods  (27.8  and  43) 
are  respectively  about  2^  and  4  times  as  great  as  that  of  the  first 
hfe  period  (11.6). 

With  these  facts  as  a  basis  of  comparison,  a  study  of  the  age 
incidence  of  serum  disease  and  of  dermatitis  venenata  (poison 
ivy)  was  undertaken. 

The  data  used  in  the  study  of  serum  disease  were  obtained  in 
the  Durand  Hospital  of  the  John  McCormick  Institute  for 
Infectious  Diseases  in  Chicago  (service  of  Dr.  G.  H.  Weaver) 
and  in  the  Municipal  Hospital  in  Philadelphia.  We  are  in- 
debted to  Dr.  L.  Hektoen  for  permission  to  use  the  Durand 
Hospital  records  and  to  Miss  AdeUne  S.  Lorge  for  collecting  the 
data  in  that  hospital.  Acknowledgment  is  due,  also,  to  Mr. 
Joseph  Peacock  and  to  Miss  Helen  I.  Barrett,  who  collected  the 
Philadelphia  data. 

In  table  1  the  cases  in  the  two  institutions  are  arranged  in  five 
divisions  according  to  age.     In  the  first  column  of  each  division 
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is  given  the  total  number  of  individuals  receiving  injections  of 
serum;  in  the  second  column  is  the  number  of  those  in  whom 
serum  disease  was  noted;  in  the  third  column  is  the  percentage 
incidence  of  serum  disease. 

Differences  in  the  percentage  incidence  in  the  different  life 
periods  are  indicated  in  the  two  series  of  cases.  However,  it 
seems  significant  that  those  differences  are  much  greater  in  the 
Chicago  series  than  they  are  in  the  relatively  much  larger  Phila- 
delphia series  and  that  when  the  two  series  are  combined  the 

TABLE  1 
Showing  the  age  incidence  of  serum  disease 
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78 
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differences  are  reduced  to  relative  insignificance.  It  seems 
probable,  in  other  words,  that  as  the  number  of  individuals  under 
observation  in  the  different  age  groups  increases,  the  differences 
in  the  percentage  incidence  will  tend  to  diminish. 

It  must  be  freely  admitted  that  the  clinical  records  of  the 
incidence  of  serum  disease  are  practically  never  perfect.  How- 
ever, it  seems  most  unlikely  that  this  inaccuracy  could  be  much 
greater  for  one  age  period  than  for  another.  Hence,  the  con- 
clusion may  be  confidently  drawn  from  the  foregoing  statistical 
study  of  serum  disease  that  the  incidence  of  this  condition  is  no& 
materially  different  in  the  different  age  periods. 
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The  determination  of  the  age  incidence  of  sensitiveness  to 
poison  ivy  is  attended  with  the  difficulty  that  many  individuals 
either  have  not  come  in  contact  with  this  plant  or  have  not  rec- 
ognized the  nature  of  the  lesion  which  resulted  from  such  con- 
tact. Trustworthy  data  in  these  circumstances  could  be  ob- 
tained only  by  experiment.  This  was  carried  out  by  applying 
an  extract  of  the  leaves  of  poison  ivy  to  a  small  area  of  the  skin 
of  a  number  of  individuals  and  observing  the  effect  after  48 
hours  contact.  The  extract  was  made  by  grinding  the  young 
leaves  in  a  meat-chopper  and  mixing  the  resulting  moist  mass 
either  with  95  per  cent  alcohol  or  with  chloroform. 

Both  of  the  extracts  w^ere  filtered  through  paper  after  three 
days  contact  with  the  ground  leaves.  The  alcohohc  extract 
was  used  in  the  crude  fluid  form.  The  chloroform  extract  was 
placed  in  a  broad  shallow  dish  before  an  electric  fan  until  all  of 
the  chloroform  had  been  evaporated  and  only  a  sticky  residue 
remained. 

These  extracts  were  appUed  to  the  skin  according  to  a  method 
employed  by  Robert  A.  Cooke  in  some  unpublished  experi- 
ments and  referred  to  by  him  as  the  ''patch"  method  or  test. 
The  fluid  alcoholic  extract  was  appHed  to  the  skin  by  soaking  a 
small  square  of  blotting  paper  wdth  it  and  keeping  the  impreg- 
nated paper  in  contact  with  the  skin  with  the  use  of  adhesive- 
plaster. 

The  residue  of  the  chloroform  extract  was  smeared  on  a  small 
area  of  the  skin  over  the  anterior  surface  of  the  forearm  and  the 
area  was  protected  wdth  the  use  of  adhesive  plaster.  Care  was 
taken  to  prevent  contact  of  the  adhesive  preparation  on  the 
plaster  with  the  ivy  extract  as  the  latter  is  very  soluble  in  the 
adhesive  material  and  is  quickly  taken  up  into  it  from  the  skin 
surface. 

Observation  of  the  indi\dduals  so  treated  was  continued  until 
a  lesion  appeared  or  at  least  for  five  days.  The  test  was  carried 
out  upon  twelve  adults  over  20  years  of  age  and  of  these  only 
1  remained  unaffected.  The  lesions  that  developed  in  the  eleven 
susceptible  indi\iduals  resembled  those  of  dermatitis  venenata 
in  their  vesicular  nature  and  in  the  itching;  they  remained  local. 
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The  high  percentage  of  susceptibihty  among  these  adults  is  in 
agreement  with  that  noted  by  Cooke  in  the  unpubUshed  experi- 
ments referred  to  above. 

As  soon  as  these  results  were  obtained  the  test  was  appUed 
in  a  series  of  twelve  children  five  years  of  age  or  younger.  Two 
of  these  were  under  one  year;  the  others  ranged  between  three 
and  five  years.  Only  one  of  these  was  found  susceptible  to  the 
ivy  extract — a  boy  of  five  years.  These  children  were  patients 
in  the  New  York  Hospital  in  the  service  of  Dr.  J.  C.  Roper,  who 
kindly  permitted  the  tests  to  be  carried  out  and  who  controlled 
the  results. 

At  this  point  the  investigation  was  interrupted  but  it  was 
thought  that  the  results  of  even  these  two  short  preliminary 
series  give  sufficient  indication  of  a  great  difference  in  suscepti- 
bility to  poison  ivy  between  young  children  and  adults.  This 
indication  is  rendered  a  practical  certainty  by  the  findings  of 
Dr.  Spain  (3). 

From  these  experiments  it  seems  that  the  age  incidence  of 
poison  ivy  susceptibility  differs  from  that  of  both  the  "natural" 
allergies  and  serum  disease. 

The  susceptibility  to  serum  disease  is  exhibited  by  a  constant 
proportion  of  individuals  in  all  of  the  life  periods.  That  to  the 
"natural"  allergies  is  shown  by  a  proportion  of  individuals 
which  increases  rapidly  in  the  early  five-year  periods.  On  the 
other  hand,  while  the  susceptibihty  to  poison  ivy  is  exhibited  by 
a  proportion  of  individuals  which  increases  from  birth  to  adult 
fife,  like  that  to  the  "natural"  allergies,  it  differs  strikingly  from 
the  latter  in  the  very  high  percentage  susceptibihty  of  the 
adults — about  90  per  cent  as  contrasted  with  the  10  per  cent 
general  incidence  found  by  Cooke  and  Vander  Veer  (2).  This 
difference  is  really  increased  by  the  fact  that  the  10  per  cent 
incidence  of  the  natural  allergies  found  by  these  authors  includes 
susceptibihty  to  a  number  of  substances;  it  cannot,  therefore, 
be  fairly  compared  with  the  incidence  of  susceptibihty  jto  the 
single  substance — poison  ivy.  j:.. 

It  is  not  possible  to  interpret  the  differences  that  have  been 
found  among  the  different  forms  of  human  hypersensitiveness 
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referred  to.  While  those  differences  appear  to  indicate  a  different 
origin  or  mechanism  of  the  three  forms,  judgment  in  this  question 
must  await  further  knowledge. 

SUMMARY 

1.  Sei-um  disease  differs  from  other  forms  of  human  hyper- 
sensitiveness  in  the  almost  constant  characteristic  of  the  incuba- 
tion period  and  in  its  high  percentage  incidence. 

2.  Dermatitis  venenata  differs  from  the  other  forms  of  human 
hypersensitiveness  in  which  the  skin  is  affected  in  the  constant 
and  characteristic  nature  of  the  lesion. 

3.  Statistical  study  and  some  experiments  reveal  the  following 
differences  in  the  age  incidence  of  the  "natural"  allergies,  serum 
disease  and  dermatitis  venenata : 

a.  The  age  incidence  of  the  ''natural"  allergies  increases 
rapidly  in  the  early  age  periods  but  probably  does  not  greatly 
exceed  10  per  cent  in  any  period. 

b.  The  age  incidence  of  dermatitis  venenata  increases  greatly 
from  childhood  to  adult  life  and  reaches  a  high  percentage  (prob- 
ably about  90  per  cent). 

c.  The  age  incidence  of  serum  disease  seems  not  to  change 
during  life. 
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The  fact  that  serum  disease  generally  appears  after  an  incuba- 
tion period  following  the  injection  of  an  antigenic  protein  and  is 
usually  accompanied  by  the  formation  of  specific  antibody  (pre- 
cipitin) would  seem  to  separate  this  form  of  human  hypersensi- 
tiveness  from  those  which  are  exhibited  immediately  upon  natural 
contact  with  the  exciting  agent  in  the  entire  absence  of  demon- 
strable antibodies.  The  former  condition  seems  to  be  experi- 
mentally induced  and  dependent  merely  on  a  suitable  previous 
contact  with  the  exciting  agent — serum  protein:  the  latter, 
according  to  the  studies  of  Cooke  and  Vander  Veer,  appear  to  be 
wholly  subject  to  an  hereditary  factor  and  not  dependent  upon 
previous  contact  w^ith  the  exciting  agent. 

Our  knowledge  of  these  conditions  is  drawn  from  observations 
upon  the  white  race.  Certain  publications,  to  which  we  shall  refer 
again,  seemed  to  indicate  that  some  of  the  forms  of  hypersensi- 
tiveness  in  human  beings  (asthma,  dermatitis  venanata)  are  rare 
among  the  American  Indians  and  it  was  thought  that  investigation 
of  this  apparent  racial  difference  might  produce  some  informa- 
tion regarding  the  nature  of  the  different  forms  of  specific  human 

'  By  allergy  is  meant  the  inherited  forms  of  specific  human  hypersensitiveness, 
such  as  hay-fever,  asthma,  angio-neurotic  edem.a  and  urticaria. 
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hypersensitiveness  as  well  as  some  indication  of  the  relation  of 
the  American  Indians  to  the  other  human  races. 

Particularly,  it  seemed  desirable  to  find  out  first,  whether  the 
American  Indian  is  relativelj^  infrequently  affected  by  the  in- 
herited forms  of  hypersensitiveness  such  as  asthma  and  hay- 
fever  and  secondly,  whether  or  not  in  such  case  the  induced  con- 
dition of  serum  disease  is  also  infrequent  in  that  race. 

If  the  incidence  of  serum  disease  were  found  to  be  equal  in  the 
Indian  race  and  in  the  white  race,  this  form  of  human  hypersensi- 
tiveness would  be,  thereby,  the  more  sharply  differentiated  from 
the  inherited  form.  If,  on  the  other  hand,  both  forms  of  hyper- 
sensitiveness were  found  to  be  equally  infrequent,  then  an  identity 
in  at  least  a  part  of  the  underlying  mechanism  of  the  two  forms 
would  be  indicated. 

Through  correspondence  with  physicians  that  had  had  exten- 
sive medical  experience  among  American  Indians  we  learned  that 
hay-fever,  asthma,  urticaria  and  drug  allergy  are  very  uncommon 
in  the  full  blooded  individuals  of  that  race.  We  are  able,  with 
the  cooperation  of  Dr.  N.  P.  Sherwood,  Professor  of  Bacteriology 
in  the  University  of  Kansas,  and  Mr.  H.  B.  Pearls,  Superintendent 
of  Haskell  Institute  in  Lawrence,  ICansas,  to  observe  the  occur- 
rence of  serum  disease  in  twenty-six  students  in  Haskell  Institute, 
all  listed  as  full  blooded  American  Indians. 

THE   OCCURRENCE   OF   THE   ALLERGIES   AMONG   AMERICAN 
INDIANS 

A  search  of  the  hterature  has  revealed  but  few  references  to 
the  incidence  of  allergic  conditions  in  the  Indians.^  In  his  report 
on  Physiological  and  Medical  Observations  among  the  Indians  of 
Southwestern  United  States  and  Northern  Mexico  (1),  Ales 
HrdUcka  remarks  on  page  188,  ''No  instances  of  severe  asthma 
were  encountered,"  and  on  page  191,  asthma  is  "rare  among 
Southwestern  Indians." 

In  his  article  on  "Skin  Diseases  among  Full  Blooded  Indians 
of  Oklahoma"  (2),  E.  S.  Lain  writes: 

2  In  this  article  the  word  Indian  always  refers  to  the  American  Indian. 
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The  extreme  rarity  of  dermatitis  medicamentosa,  dermatitis  venenata, 
may  partially  be  accounted  for  by  the  lack  of  common  usage  of  drugs, 
soaps,  and  other  chemicals,  though  the  Indians  frequently  apply  quite 
freely  on  their  faces  and  other  exposed  parts  paints  and  dyes  made  from 
the  wild  plants,  berries,  etc.  The  skin  of  the  Indian  is  apparently 
almost  immune  to  the  poison  iv>'  and  other  plants  which  cause  so  much 
discomfort  to  the  women  of  our  race. 

Our  own  inquiry  was  made  in  the  fonn  of  a  questionnaire, 
answers  to  which  w^ere  received  from  eleven  physicians  and  one 
superiijtendent  of  an  Indian  school.  The  replies  were  based  on 
extended  medical  observation  of  about  40,000  full  blooded 
Indians. 

Those  repljdng  to  the  questionnaire  were: 

Dr.  A.  J.  Anderson,  Lawrence,  Kansas. 

Mr.  Clyde  M.  Blair,  Superintendent  Chilocco  Indian  School, 
Chilocco,  Oklahoma. 

Dr.  A.  D.  Lake,  Gowanda,  New^  York. 

Dr.  Otis  E.  Lovelady,  Ponca  Agency,  Whiteagle,  Oklahoma. 

Dr.  A.  E.  Harden,  W.  S.  Indian  Vocational  School,  Phoenix, 
Arizona. 

Dr.  James  M.  Meason,  Pima  School,  Sacaton,  Arizona. 

Dr.  Charles  M.  Ming,  Okmulgee,  Oklahoma. 

Dr.  W.  W.  Rublee,  Sherman  Institute,  Riverside,  California. 

Dr.  F.  A.  Spafford,  Flandreau,  South  Dakota. 

Dr.  A.  J.  WTieeler,  W.  S.  Indian  Vocational  School,  Phoenix, 
Arizona. 

Dr.  Lawrence  White,  Keshena,  Wisconsin. 

Dr.  A.  M.  Wigglesworth,  Albuquerque,  New  Mexico. 

The  essential  questions  proposed  w^ere: 

1.  Have  you  observed  the  occurrence  of  asthma  or  hay-fever 
in  full-blood  Indians? 

2.  Do  these  conditions  occur  in  the  white  population  of  the 
\'icinities  in  which  the  observations  upon  the  Indians  were  made? 

3.  Have  you  observed  the  occurrence  of  urticaria  in  full-blood 
Indians? 

In  all  of  the  replies  question  2  was  answered  in  the  affirmative. 
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The  following  men  could  recall  no  instance  of  asthma,  hay-fever 
or  urticaria  in  a  full-blood  Indian:  Mr.  Blair,  Drs.  Lovelady, 
Meason,  Anderson,  E,  F.  Menger,  Ming,  Roblee,  Spafford, 
Wheeler,  and  White. 

Dr.  Marden  has  seen  "two  or  three  cases  of  asthma,"  and 
"numerous  cases  of  urticaria"  in  full-blood  Indians  (about  10,000 
individuals  under  observation). 

Dr.  jMenger  has  seen  ' '  hay-fever,  asthma,  urticaria  and  derma- 
titis venenata  onhj  in  the  breeds"  (about  1500  individuals  under 
observation) . 

Dr.  Wigglesw^orth  has  seen  hay-fever  and  asthma  in  full-blood 
Indians  and  "urticaria  many  times."  (About  15,000  individuals 
under  observation.) 

Dr.  Lake  has  seen  "a  few  cases  of  hay-fever  and  of  asthma." 
He  states  that  "hives  are  common  and  poisoning  from  ivy  is 
frequent."  However,  he  writes  that  "very  few"  of  the  Indians 
under  his  observation  are  full-blooded. 

These  repUes  suggest  that  while  the  allergic  trait  is  not  absent 
in  the  Indian  race  this  character  is  very  much  less  marked  in  the 
Indian  than  it  is  in  the  white  race.^  The  observation  of  allergic 
symptoms  in  some  pure  Indians  makes  it  inadmissible  to  assume 
the  complete  absence  of  the  basic  condition  in  all  of  the  Indians 
that  do  not  naturally  present  the  outward  signs  of  it. 

It  may  be  that,  exactly  as  in  the  white  races,  some  individuals 
are  hypersensitive  in  a  degree  too  slight  to  allow  the  development 
of  symptoms  upon  the  natural  contact  with  the  exciting  agent. 
In  such  individuals  the  injection  of  the  agent  would  reveal  the 
latent  condition. 

From  the  foregoing  facts  it  could  have  been  anticipated  that 
if  serum  disease  is  associated  in  some  way  with  the  allergies  it 
should  occur  in  full-blood  Indians  upon  injection  of  serum,  but 
much  less  frequently  and  possibly  in  milder  form  than  it  does  in 
the  white  race.  In  fact,  this  was  the  outcome  of  the  experiences 
which  we  are  about  to  describe. 

3  In  the  same  inquiry  the  statement  of  Lain  regarding  the  relative  insuscepti- 
bility of  the  Indians  to  "poison  ivy"  was  confirmed. 
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We  had  learned  from  Dr.  W.  T.  Longcope  that  in  his  experience 
s}TTiptoms  of  serum  disease  occur  in  at  least  90  per  cent  of  white 
individuals  receiving  100  cc.  or  more  of  whole  horse  serum  by 
intravenous  injection. 

With  this  high  percentage  as  a  standard  of  comparison  it  was 
thought  that  at  least  some  indication  of  the  relative  suscepti- 
bility of  the  two  races  to  serum  disease  could  be  obtained  from  the 
results  of  the  intravenous  injection  of  about  100  cc.  of  normal 
horse  serum  into  even  a  few  of  the  Indians. 

The  observations  were  made  upon  twenty-six  full-blooded 
Indians,  all  students  in  Haskell  Institute  situated  in  Lawrence, 
Kansas.  We  consider  it  a  privilege  to  record  the  fearlessness  and 
patience  with  which  these  intelligent  j^oung  men,  most  of  whom 
were  fully  aware  of  the  investigatory  nature  of  the  procedure, 
submitted  to  the  injections.  It  is  not  possible  to  distinguish  any 
individuals  among  them  in  the  respect  of  courage  or  fortitude. 
Those  who  presented  themselves  in  the  first  series  faced  uncer- 
tainty as  to  the  possible  pain  and  danger  attending  the  injections. 
Those  that  came  later  came  with  the  knowledge  of  the  unpleasant 
symptoms  which  some  of  their  predecessors  had  suffered.  It 
should  be  recorded  that  the  two  who  were  the  last  to  be  injected 
had  witnessed  the  effect  of  the  injection  upon  Charhe  Hutchison. 
These  two  were  given  ample  opportunity  to  withdraw,  but 
neither  would  take  advantage  of  that  suggestion. 

THE   OCCURRENCE   OF   SERUM   DISEASE   IN   THE   AMERICAN 
INDIAN 

The  material  injected  was  fresh  normal  horse  serum  preserved 
with  the  addition  of  0.6  per  cent  of  a  mixture  of  equal  parts  of 
''Three  Cresols"  and  ether.  According  to  Krumwiede  and 
Banzhaf  (3),  one  of  the  unpleasant  immediate  effects  (chills)  of 
the  injection  of  serum  preserved  with  cresol  is  avoided  by  adding 
the  preservative  mixed  with  an  equal  volume  of  ether.  It  may 
be  stated  here  that  this  symptom  was  absent  in  all  but  one  of 
the  individuals  in  the  present  series  (Jesse  King). 

The  serum  was  prepared  especially  for  this  investigation  in 
the  laboratories  of  the  H.  K.  Mulford  Company  and  dehvered 
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to  US  in  double  stoppered  110  cc.  tubes  together  with  a  number  of 
the  H.  K.  Mulford  Company  intravenous  outfits/  With  these 
convenient  outfits  we  were  able  to  make  the  injections  at  the  rate 
of  six  in  an  hour.^ 

Previous  to  the  injections  cutaneous  tests  were  made  with 
dried  horse  serum  prepared  by  the  H.  K.  Mulford  Company.  All 
of  these  resulted  negatively. 

The  serum  was  brought  to  body  temperature  by  placing  the 
tubes  in  warm  water. 

The  effects  of  the  injections  in  the  different  individuals  were  as 
follows : 

1.  William  Frank  (Creek).  Received  110  cc.  Slight  headache  on 
the  day  of  injection  and  temperature  of  99.8 F.  Presented  no  other 
symptoms  at  any  time.^ 

2.  Joe  Bearhead  (Cheyenne).  Received  110  cc.  Complained  of 
headache  on  day  of  injection.  Had  some  epistaxis  on  the  third  day. 
On  the  10th  day  there  were  a  few  urticarial  spots  on  the  arms  and  body 
without  elevation  of  temperature;  these  were  present  also  on  the  11th 
day  still  without  fever,  but  they  had  disappeared  by  the  12th  day. 

3.  Benjamin  Osage  (Cheyenne).  Received  110  cc.  Immediately 
after  the  injection  a  swelling  1  cm.  in  diameter  appeared  on  the  left 
forearm  just  above  the  wrist.  The  swelling  was  situated  more  deeply 
than  the  usual  urticarial  wheal.  A  smaller  spot  appeared  on  the  fore- 
head and  another  2  mm.  in  diameter  above  the  one  on  the  forearm. 
There  was  severe  headache  on  the  day  of  the  injection  with  a  tempera- 
ture of  100°F.     There  were  no  further  symptoms. 

4.  Harber  Johnson  (Creek).  Received  110  cc.  There  was  im- 
mediate injection  of  the  conjunctiva  with  some  swelling  of  the  eyelids 
and  face.  There  was  headache  on  the  day  of  the  injections,  but  no 
symptoms  thereafter. 

5.  William  Atkins  (Otoe).  Received  25  cc.  There  were  no  sjinp- 
toms  at  any  time. 

*We  are  under  great  obligation  to  Drs.  John  Reichel,  F.  M.  Huntoon  and 
J.  A.  Murphy  of  the  H.  K.  Mulford  Company  for  the  care  with  which  the  serum 
was  prepared  and  delivered  to  us. 

'  Acknowledgement  must  be  made  of  the  skillful  assistance  of  the  nurses — • 
all  Indian  girls — under  the  direction  of  Miss  Anderson,  superintendent  of  nurses 
in  the  Institute. 

•^ There  was  some  coughing  during  the  injection  or  immediately  afterward 
in  most  instances  and  in  some  a  slight  sense  of  oppression  in  the  chest. 
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6.  Thomas  Wasson  (Baiut).  Received  110  cc.  Within  ten  minutes 
after  the  injection  two  urticarial  spots  appeared  on  the  eyehd  and  the 
neck.     There  were  no  further  sjinptoms. 

7.  Delmar  Scott  (Mojave).  Received  110  cc.  There  were  no  symp- 
toms until  the  8th  day  when  there  was  fainting  and  a  temperature  of 
100°F.  On  the  9th  day  generahzed  urticaria  appeared  which  lasted 
three  days.  There  was  no  elevation  of  temperature  on  the  9th  day  nor 
thereafter. 

8.  Robert  Leve  Leve  (Walapi).  Received  110  cc.  There  were  no 
sjTnptoms  until  the  12th  day  when  there  were  severe  joint  and  muscle 
pains  without  temperature  elevation  or  eruption. 

9.  William  Hampton  (Choctaw).  Received  110  cc.  Complained  of 
joint  pains  on  the  5th  day  and  again  on  the  10th  day  when  some  urti- 
carial spots  appeared.  The  joint  pains  continued  on  the  11th  and  12th 
days  but  there  was  no  urticaria  after  the  10th  day.  There  was  no  ele- 
vation of  temperature  at  any  time. 

10.  Lawton  Raymond  (Navajo).  Received  110  cc.  There  were  no 
sj^mptoms  at  any  time. 

11.  Joseph  Parnell  (Assiniboin).  Received  110  cc.  There  were  no 
sjTuptoms  at  any  time. 

12.  Wallace  Littlefinger  (Sioux).  Received  110  cc.  On  the  11th 
and  12th  days  there  was  urticaria  without  fever  and  on  the  13th  day 
there  was  a  temperature  of  99°F.  with  joint  pains  but  without  urticaria. 

13.  Edward  Davenport  (Sac  and  Fox).  Received  110  cc.  There 
were  no  symptoms  at  any  time. 

14.  Emery  Redbird  (Ottawa)  Received  110  cc.  There  were  no 
symptoms  at  any  time. 

15.  Morris  Baken  (Choctaw).  Received  20  cc.  On  the  11th  day 
there  was  swelling  of  the  left  parotid  gland  without  fever.  On  the 
12th  day  there  were  joint  pains  with  a  temperature  of  100°F.  No 
symptoms  thereafter. 

16.  William  Ruskin  (Navajo).  On  account  of  the  very  small  size 
of  the  vein  a  double  puncture  occurred  causing  a  hematoma,  which  pre- 
vented the  injection. 

17.  Marion  Runsthru  (Assiniboin).  Received  110  cc.  There  were 
no  symptoms  at  any  time. 

18.  Andy  Snap  (Creek).  Received  110  cc.  On  the  6th  day  there 
was  urticaria  without  fever;  on  the  7th  day  the  urticaria  had  disappeared 
but  there  were  cramps  and  weakness  -with  a  temperature  of  99°F.  Urti- 
caria reappeared  on  the  8th  day  accompanied  by  edema  of  the  face  and 
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a  temperature  of  100°F.     There  were  no  symptoms  on  the  9th  day  nor 
thereafter. 

19.  Jesse  King  (Creek).  Received  95  cc.  There  was  immediate 
marked  uneasiness  with  pain  in  the  chest  and  about  the  eyes.  Pulse 
at  eight  minutes  140;  at  thirteen  minutes  118,  and  at  eighteen  minutes 
104.  At  thirty  minutes  he  was  able  to  walk  out.  At  one  hour  there 
was  a  chill.     There  were  no  further  symptoms. 

20.  Mason  Kawaykla  (Apache).  Received  110  cc.  There  was 
urticaria  on  the  10th  and  11th  days  without  fever  or  other  symptom. 

21.  Walter  Emarthla  (Creek)  Received  110  cc.  There  were  no 
symptoms  at  any  time. 

22.  James  Foster  (Creek).  Received  110  cc.  There  were  a  few 
urticarial  spots  on  the  10th  day  without  fever  or  other  symptoms. 

23.  Abel  Archibald  (Creek).  Received  110  cc.  There  were  no 
symptoms  at  any    time. 

24.  John  Alonzo  (Pueblo).  Received  90  cc.  Vomited  immediately 
after  the  injection,  but  presented  no  further  symptoms  at  any  time. 

25.  Charles  Hutchinson  (Arapahoe) .  Received  80  cc.  Immediately 
complained  of  pain  in  the  chest.  There  was  edema  of  the  eyehds  and 
congestion  of  the  conjunctivae;  a  general  weakness  and  a  rapid  and  weak 
pulse  (116)  five  minutes  after  the  injection.  Had  to  be  carried  to  bed 
There  was  severe  vomiting  after  two  hours.  The  edema  of  the  eyehds 
and  the  weakened  heart  action  persisted  into  the  following  day.  There- 
after there  were  no  further  symptoms.  There  was  a  previous  history, 
in  this  case,  of  a  weak  heart  and  a  constitutional  weakness. 

26.  Andrew  Juan  (Pima).  Received  110  cc.  There  was  headache 
and  a  temperature  of  100°F.  on  the  2nd  day,  but  no  further  symptoms 
at  any  time  thereafter. 

27.  Edward  Meeks  (Arapahoe).  Received  110  cc.  There  was  a 
shght  malaise  immediately  after  the  injection  and  on  the  9th  day  urti- 
caria without  elevation  of  temperature. 

In  considering  what  symptoms  were  to  be  regarded  as  indica- 
tive of  ''serum  disease"  we  have  been  guided,  naturally,  by  the 
attitude  of  those  upon  whom  we  depended  for  our  ''control" 
series  among  the  white  race,  that  is  Dr.  W.  T.  Longcope  and 
Dr.  Rufus  Cole.  These  observers  have  used  only  eruption  and 
joint  pains  with  or  without  fever  as  criteria  of  that  condition, 
and  as  is  customary  they  have  ignored  the  inamediate  effects  of  the 
injections,    excepting   eruption.     We   have,    therefore,    omitted 
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from  consideration  the  effects  noted  in  the  cases  of  WilUam 
Frank,  Harber  Johnson,  Jesse  King,  John  Alonzo,  Charles  Hutchi- 
son and  Andrew  Juan. 

In  table  1  is  given  a  summary  of  the  symptoms  that  could  be 
regarded  as  those  of  ''serum  disease"  resulting  from  the  injec- 
tions into  the  Indians. 

It  is  seen  that  the  incidence  of  the  condition  among  those 
injected  was  46  per  cent;  the  average  duration  of  the  symptoms 
was  two  days  and  the  average  elevation  of  temperature  was 
0.38°F. 

In  comparing  the  course  of  serum  disease  as  just  described  in 
the  Indians  with  that  in  the  white  race  it  must  be  pointed  out 
that  the  injections  made  in  the  Indians  were  given  to  healthy 
young  men  who  were  under  orders  to  report  to  the  physician  in 
charge  (Dr.  E.  F.  Menger)  the  slightest  ailment.  For  this  reason 
the  existence  of  serum  disease  was  recognized  in  several  of  the 
Indians  by  symptoms  (such  as  joint  pains  and  edema  and  by  the 
immediate  appearance  of  a  few  urticarial  spots)  which  are  rarely 
noted  in  the  usual  medical  history.  It  was  necessary,  therefore, 
in  order  to  obtain  comparable  statistics  among  white  individuals 
to  seek  them  in  institutions  in  which  the  occurrence  of  serum 
disease  is  given  particular  attention.  These  requirements  were 
amply  met  in  the  records  of  a  series  of  cases  in  the  Presbyterian 
Hospital  of  New  York  City  which  were  under  the  care  of  Dr.  W. 
T.  Longcope  and  Dr.  George  M.  Mackenzie.  We  are  indebted 
to  these  observers  for  permission  to  publish  the  data  and  to  Dr. 
E.  P.  Maynard  by  whom  the  data  were  collected. 

It  is  evident  that  the  relative  susceptibility  of  the  two  races 
should  not  be  judged  solely  by  the  relative  percentage  incidence. 
A  fair  comparison  should  include  also  the  factors  of  duration  of 
the  disease  and  its  severity.  As  an  index  of  severity  we  have 
used  the  single  feature  of  elevation  of  temperature.  In  a  series 
of  fifty-two  individuals  treated  with  serum  (horse)  injections  in 
the  Presbyterian  Hospital  and  observed  continuously  for  one 
month,  serum  disease  occurred  in  forty-eight  instances — an  inci- 
dence of  92.4  per  cent. 
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In  table  2  the  duration  of  the  condition  in  forty-two  of  the 
cases  is  given  and  for  direct  comparison  the  duration  of  the  con- 
dition in  the  twelve  Indians.  The  average  duration  in  the  white 
individuals  was  four  and  one-half  times  as  great  as  it  was  in  the 
Indians. 

As  an  index  of  the  relative  severity  of  the  serum  reaction,  com- 
parison has  been  made  of  the  average  elevation  of  temperature 
above  the  normal  level. 

TABLE  2 
Duration  of  scrum  disease  after  intravenous  injection  of  serum 


IN  42 

(V-HITES  (PRESBYTERIAN  HOSPITAL)  NEW  YORK  CITY 

IN  12  FULL-BLOODED  INDIANS 
(HASKELL  INSTITtTE) 

Days 

Cases 

Days 

Cases 

Days 

Cases 

Days 

Cases 

1 

1 

9 

15 

2 

1 

5 

3 

3 

10 

16 

1 

2 

3 

4 

11 

11 

20 

2 

3 

1 

5 

6 

12 

23 

1 

4 

3 

6 

2 

13 

24 

2 

7 

4 

14 

25 

1 

Average  duration  9  days 

Average  duration  2  days 

In  determining  the  average  elevation  of  temperature  in  the 
white  individuals  only  those  cases  were  considered  in  which  the 
temperature  had  been  normal  before  the  symptoms  of  serum 
disease  had  appeared.  As  all  of  these  individuals  had  been  suf- 
fering from  a  bacterial  infection  they  were,  according  to  Dr. 
Mackenzie,  who  selected  the  cases,  possibly  more  prone  to  tem- 
perature elevation  than  a  normal  individual.  Dr.  Mackenzie 
suggests,  therefore,  that  this  instabihty  be  accounted  for  in 
estimating  the  temperature  elevation  in  these  individuals  by 
advancing  the  normal  level  somewhat.  As  the  temperatures  in 
these  cases,  w^ere  taken  per  rectum,  Dr.  Mackenzie  suggests  that 
100°F.  be  taken  as  the  normal  temperature.  This  suggestion  has 
been  adopted. 

Following  are  the  highest  rectal  temperatures  observed  in 
thirty-seven  of  the  Presbyterian  Hospital  cases  during  the  period 
in  which  the  individuals  presented  sjTnptoms  of  serum  disease : 
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101.0 
100.6 
103.0 
100.6 
101.0 
103.0 
100.0 
100.2 
100.2 

99.8 
100.2 
101.2 

99.8 


101.0 
99.8 
99.4 
103 .6 
103.0 
99.6 
100.0 
102.4 
100.0 
100.2 
99.4 
100.4 
102.2 


104.8 
101.6 
100.0 
101.2 
102.2 
100.0 
104.0 

99.6 
100.0 

99.2 
102.0 


The  total  elevation  of  temperature  over  100°F.  in  all  of  these 
individuals  was  thus  42.6°,  or  an  average  elevation  of  1.15°F. 
The  total  elevation  of  temperature  over  98.6°F.  (by  mouth)  in 
the  twelve  affected  Indians  was  4.6°F.,  or  an  average  elevation  of 
0.38°F. 

TABLE  3 
Comparison  of  the  serum  reactions  of  the  white  and  Indian  races 


Serum-treated  cases  followed  completely 

Cases  of  serum  disease 

Percentage  incidence 

Average  duration  (days) 

Average  temperature  elevation,  degrees  F 

Ratio  in  which  the  two  races  are  affected : 
92.4       9       1.15 


WHITE 

INDI.^N 

52 

26 

48 

12 

92.4 

46 

9- 

2 

1.15 

0.38 

In  table  3  is  presented  a  summarized  comparison  of  the  occur- 
rence of  serum  disease  in  the  two  races.  The  ratio  in  which  the 
two  races  are  affected  is  properly  estimated  by  multiplying  to- 
gether the  single  ratios  of  the  three  different  factors — incidence, 
duration  and  severit3^  By  this  calculation  the  susceptibihty  of 
the  white  race  is  found  to  be  about  twenty-seven  times  as  great 
as  that  of  the  Indian. 

Objection  must  be  made  to  the  placing  of  much  dependence 
upon  the  figures  used  in  this  calculation  on  account  of  the  small- 
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ness  of  the  number  of  individuals  in  both  of  the  series  that  form 
the  basis  of  comparison.  In  the  circumstances,  access  cannot  be 
had  to  further  data  as  to  serum  disease  in  the  Indian.  However, 
we  are  able  by  the  courtesy  of  Dr.  Rufus  Cole  to  supplement  the 
observations  in  the  white  individuals  with  his  own  experiences  in 
the  Hospital  of  the  Rockefeller  Institute.  It  was  important  to 
obtain  further  data  upon  the  white  race  because  of  the 
surprisingly  high  percentage  of  incidence  observed  in  the  Presby- 
terian Hospital — the  highest,  by  far,  that  has  yet  been  reported. 
We  quote  here  from  a  personal  communication  from  Dr.  Cole : 

No  intensive  study  of  serum  disease  has  been  made  at  The  Hospital 
of  The  Rockefeller  Institute  and  any  statistical  conclusions  drawn  from 
our  experience  cannot  be  considered  final.  •  However,  I  have  collected 
223  cases  in  which  amounts  of  serum  varying  from  30  cc.  to  2000  cc. 
were  administered.  Only  a  few  of  the  patients,  however,  received  the 
very  large  amounts;  most  patients  received  from  200  cc.  to  400  cc. 
during  a  period  of  two  to  three  days.  We  have  records  concerning  the 
occurrence  of  luticaria,  skin  rash,  enlarged  glands,  red  and  painful 
joints,  and  fever.  The  statistics  regarding  fever  wiU  have  to  be  studied 
much  more  carefully  before  much  stress  can  be  laid  upon  them,  since 
in  many  pneumonia  patients  who  have  received  serum,  it  is  impossible 
to  say  whether  a  late  elevation  of  temperature  is  the  result  of  the  ad- 
ministration of  the  serum  or  is  due  to  some  complication. 

Among  the  223  cases,  the  occurrence  of  a  skin  rash,  usually  urticaria, 
at  some  time  following  the  injection  of  serum,  was  noted  in  158  patients; 
i.e.  in  70  per  cent.  The  rash  appeared  from  one  to  thirty  days  following 
the  injection  of  serum  and  varied  in  degree  from  a  few  urticarial  wheals 
to  urticaria  covering  almost  the  entire  body.  In  a  number  of  cases 
there  occurred  an  erythematous  rash;  in  a  few  cases  it  was  scarlatini- 
form  or  morbilliform.  Thirty-eight  of  the  223  cases  ended  fatally;  in 
a  number  of  instances,  death  occurred  within  a  few  days  after  the 
administration  of  serum  before  sufficient  time  had  elapsed  for  a  rash 
to  develop.  In  only  9  of  these  38  cases  was  the  occurrence  of  a  rash 
noted.  If  these  38  cases  are  omitted,  185  cases  are  left,  of  which  149 
showed  a  rash  at  some  period;  i.e.  80  per  cent. 

The  occurrence  of  painful  joints  was  noted  in  a  considerably  smaller 
number  of  cases,  only  in  68  of  the  185  cases,  and  general  glandular 
enlargement  was  noted  in  only  36  of  the  185  cases.  In  some  cases, 
however,  enlarged  glands,  or  painful  joints,  were  noted  where  there  was 
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no  skin  rash,  so  that  among  the  185  cases  there  occurred  153  in  which 
skin  rash,  glandular  enlargement,  or  painful  joints  were  present  at  some 
period,  namely,  in  85.4  per  cent  of  the  cases. 

When  our  former  statements  regarding  the  frequency  of  occurrence 
of  serum  sickness  were  made,  we  disregarded  those  cases  in  which  urti- 
caria occurred  immediately  following  the  administration  of  serum  and 
those  cases  in  which  the  signs  and  symptoms  were  hardly  noticeable. 
Employing,  however,  your  definition  of  serum  disease,  at  least  85  per 
cent  of  our  cases  may  be  said  to  have  suffered  from  this  condition,  and 
considering  the  fact  that  in  a  few  instances  we  undoubtedly  overlooked 
very  minor  manifestations,  it  is  ciuite  probable  that  the  statement  that 
"90  per  cent  of  patients  following  administration  of  foreign  serum 
suffer  from  serum  disease"  is  correct. 

Further  support  of  Dr.  Cole's  opinion  was  obtained  in  a  study 
of  a  series  of  367  cases  recei\dng  intravenous  injections  of  serum  in 
the  Boston  City  Hospital.  We  are  indebted  for  permission  to 
publish  these  statistics  to  Dr.  Edwin  H.  Place,  Physician  in 
Chief  to  the  South  Department  of  the  Boston  City  Hospital. 
Ninety-nine  of  this  series  were  cases  of  pneumonia  that  had 
received  anti-pneumococcus  serum.  We  are  indebted  to  Miss  L. 
M.  Corcoran  for  assistance  in  compiling  the  data  on  these  ninety- 
nine  cases.  The  average  amount  of  serum  injected  in  these  cases 
was  272  cc.  The  incidence  of  serum  disease  recorded  in  the 
histories  is  67.7  per  cent. 

The  remaining  268  individuals  were  cases  of  diphtheria  in  the 
South  Department  of  the  hospital  and  received  an  average  of 
150  cc.  of  diphtheria  antitoxin  serum.  As  antitoxin  is  adminis- 
tered in  this  department  sometimes  in  the  form  of  the  pseudo- 
globulin  fraction  and  somxCtimes  as  whole  serum,  it  was  necessary 
for  us  to  inquire  in  each  instance  as  to  the  nature  of  the  prepara- 
tion used.  This  was  readily  done  because  the  laboratory  serial 
number  of  the  preparation  injected  was  always  noted  in  the 
record.  We  have  been  able  to  obtain  this  information  through 
the  kindness  of  Dr.  Benjamin  White,  Director  of  the  Division  of 
Biologic  Laboratories  of  the  Massachusetts  Department  of  Public 
Health,  in  whose  laboratories  the  antitoxin  was  prepared. 
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The  incidence  of  serum  disease  in  the  diphtheria  cases  was  70 
per  cent.  It  should  be  noted  that  the  incidence  in  this  series 
receiving  an  average  of  150  cc.  is  about  the  same  as  that  of  the 
pneumonia  series  receiving  272  cc.  Fifty-six  individuals  re- 
ceived less  than  100  cc.  and  of  these  fifty-six,  eight  received  less 
than  50  cc. 

These  percentages  are  so  close  to  the  original  estimated  70  per 
cent  of  Dr.  Cole  that  they  furnish  strong  support  to  his  conclu- 
sion that  some  form  of  serum  reaction  follows  the  intravenous 
injection  of  horse  serum  in  about  90  per  cent  of  individuals  so 
treated.  The  correction  introduced  by  Dr.  Cole  in  his  original 
estimate  is  particularly  applicable  in  the  Boston  series  on  account 
of  the  fact  that  all  cases  that  were  under  observation  for  ten 
days  or  more  are  included  in  it. 

The  evidence  presented  above  seems  to  leave  little  doubt  as 
to  the  approximate  correctness  of  the  figure,  92.4  per  cent,  used 
in  our  comparison  of  the  two  races  to  indicate  the  incidence  of 
serum  disease  in  the  white  race.  This  being  the  case,  the  esti- 
mated ratio  of  susceptibility  of  the  two  races  to  serum  disease 
may  be  regarded  with  some  confidence  as  indicating,  at  least,  a 
wide  difference  in  the  relative  susceptibihty. 

It  is  seen  that  a  similar  difference  in  the  relative  susceptibihty 
of  the  two  races  is  exhibited  in  both  allergy  (hay-fever,  asthma, 
urticaria)  and  serum  disease.  This  fact  by  no  means  proves 
these  two  conditions  to  be  due  to  the  operation  of  an  identical 
mechanism.  It  merely  suggests  a  similarity  of  mechanism  in 
both  conditions,  which  may  not  be  complete. 

SUMMARY 

Through  inquiry  it  has  been  found  that  the  American  Indian  is 
apparently  much  less  frequently  affected  by  the  allergies  than  is 
the  white  race.  An  experimental  study  of  the  occurrence  of 
serum  disease  in  twenty-six  volunteer  full-blood  American  Indians 
indicates  that  the  Indian  race  is  much  less  susceptible  to  that 
condition  than  is  the  white  race. 
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This  similarity  in  the  relative  susceptibility  of  the  two  races 
to  these  two  conditions  suggests  a  similarity  in  the  underlying 
mechanism  of  both  of  the  conditions  which,  however,  need  not 
amount  to  a  complete  identity. 
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In  1911,  the  writer  began  the  apphcation  of  the  principle  of 
desensitization  to  the  treatment  of  the  allergies  (hay  fever, 
asthma,  urticaria,  angio-neurotic  edema). 

This  principle  was  employed  under  the  influence  of  the  view 
of  Wolff-Eisner  and  of  Meltzer  that  the  hypersensitiveness  of 
human  beings  is  an  expression  of  anaphylaxis;  that  is,  dependent 
upon  the  presence  in  the  sensitive  tissue  of  specific  antibodies- 
Coca  (1,  2),  in  a  recent  analysis  of  the  phenomena  of  anaphy- 
laxis and  those  of  allergy,  has  pointed  out  differences  between 
these  two  conditions  of  such  a  nature  as  to  make  an  identity  of 
the  two  seem  unhkely. 

One  of  these  differences  is  a  fact  that  had  been  observed  by 
the  writer  in  innumerable  instances;  namely,  that  although  a 
certain  degree  of  lessened  sensitiveness  can  be  obtained  in  allergy 
by  administration  of  the  exciting  agent,  either  in  its  natural 
state  by  mouth  or  in  extracts  by  injection,  this  effect  in  human 
beings  has  never  been  observed  to  approach  the  entire  insensi- 
tiveness  of  the  condition  of  ''complete  desensitization"  in  ana- 
phylaxis in  the  lower  animals. 

In  illustration  of  this  principle,  the  following  concrete  obser- 
vations were  drawn  by  Coca  out  of  our  unpubhshed  records. 
In  all  of  the  individuals  suffering  from  any  form  of  allergy,  who 
have  been  rendered  clinically  insensitive  to  the  natural  contact 
with  the  exciting  agent,  the  suitable  administration  of  the  agent, 
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by  intracutaneous  or  subcutaneous  injection  will  demonstrate 
the  persistence  of  the  hypersensitiveness. 

In  some  of  our  cases,  indeed,  it  could  be  shown  that  even  the 
insensitiveness  to  the  natural  contact  was  only  relative.  For 
example  patient  A.  K.,  No.  1107,^  sensitive  to  egg,  was  brought 
by  appropriate  injections  and  oral  administration  of  increasing 
doses  of  egg  white  to  the  point  where  one  whole  egg  every  other 
day  was  tolerated,  but  on  several  trials  he  was  found  unable  to 
eat  two  eggs  on  one  day  without  exhibiting  symptoms. 

The  phenomenon  of  desensitization  is  a  constant  characteristic 
of  the  condition  of  anaphylactic  hypersensitiveness  in  all  the 
lower  animals  in  which  the  phenomenon  has  been  studied.  This 
must  be  true  because  the  hj-persensitiveness  of  anaphylaxis 
depends  upon  the  presence  of  antiprotein  antibodies  (precipitins) 
in  the  tissues;  and  because  it  is  always  possible  by  a  suitable 
manner  of  injection  of  the  antigen  to  neutrahze  these  precipitins 
so  gradually  as  to  avoid  the  physiological  reaction  of  anaphy- 
laxis and  to  neutralize  them  so  completely  that  the  hypersensi- 
tivene,ss  is  entirely  removed. 

It  would  seem,  therefore,  that  desensitization,  which  is  a  con- 
stant characteristic  of  anaphylaxis,  should  be  demonstrable  in 
that  condition  in  every  animal  in  which  anaphylaxis  occurs.  A 
conceivable  exception  might  exist  in  an  animal  in  which  the 
antibody  production  was  so  rapid  that  the  neutrahzed  precipitins 
were  immediately  replaced.  However,  no  such  exception  is 
known. 

It  would  seem  natural  for  one  seeking  to  demonstrate  desensi- 
tization in  allergy  to  choose  serum  allergy  as  the  first  object  of 
study;  particularly,  the  ordinary  form  of  this  condition  in  which 
the  clinical  symptom  of  urticaria  is  only  exhibited  after  an  incu- 
bation period  following  the  injection  of  serum  and  which  is  gener- 
ally accompanied  by  precipitin  formation.  However,  no  one  has 
yet  applied  the  procedure  of  desensitization  to  individuals  under 
these  circumstances. 

In  the  rarer  form  of  serum  allergy,  in  which  sjTiiptoms  appear 

1  This  case  is  described  in  greater  detail  in  the  article  on  constitutional  reac- 
•tions;  this  Journal  volume  7,  p.  141. 
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immediately  after  a  primary  injection  and  in  which  the  previous 
existence  of  antibodies  has  not  been  demonstrated  (3),  attempts 
have  been  made  to  reduce  the  sensitiveness  by  the  injection  of 
increasing  quantities  of  serum,  beginning  with  small  doses. 

In  his  paper  on  ''Asthma  Complicating  the  Serum  Treatment 
of  Pneumonia"  (4),  H.  L.  Alexander  describes  three  cases  in  two 
of  which  the  procedure  just  referred  to  was  employed.  In  one 
of  these  the  subcutaneous  injection  of  1  cc.  caused  urticaria, 
and  the  same  quantity  injected  intravenously  two  and  one-half 
hours  later  caused  nausea,  vomiting  and  asthma.  One  and  a 
half  hours  after  this  occurrence  1  cc.  was  again  injected  and  this 
again  caused  nausea  and  vomiting,  but  without  an  asthmatic 
attack.  Two  further  injections  of  2  cc.  and  4  cc.  produced  no 
symptoms  and  a  final  intravenous  injection  of  65  cc.  was  accom- 
plished with  no  more  serious  effect  than  an  attack  of  "hay  fever" 
and  of  asthma. 

Another  individual  was  brought  gradually  to  the  intravenous 
injection  of  1  cc.  of  serum  without  symptoms.  Then  the  intra- 
venous injection  of  40  cc.  of  the  serum  produced  asthma  and 
subsequent  injections  of  40  cc,  60  cc,  65  cc,  70  cc,  and  75  cc. 
at  from  six  to  eight  and  a  half  hour  intervals  all  caused  mild  or 
moderate  ''reactions."  Alexander  adopted  the  view,  at  that 
time  unopposed,  that  he  was  dealing  with  a  state  of  anaphylac- 
tic sensitiveness.  He  overlooked  the  difficulty  attaching  to  this 
view  by  reason  of  the  uniform  absence  of  demonstrable  antibodies 
in  the  form  of  serum  sensitiveness  that  he  was  studying. 

In  a  paper  entitled  "Serum  Desensitization"  (5),  George  M. 
Mackenzie  added  two  further  cases  to  those  of  Alexander.  In 
one  of  these  1  cc.  of  serum  injected  intravenously  produced 
respiratory  difficulty  and  marked  urticaria.  An  identical  in- 
jection twelve  hours  later  caused  no  symptoms,  but  after  a  further 
interval  of  one  and  a  half  hours,  2  cc.  again  produced  marked 
urticaria,  this  time  with  edema.  In  the  second  case  16  cc.  of 
serum  produced  eruption,  although  8  cc  administered  three 
quarters  of  an  hour  previously  had  caused  no  symptoms. 

In  all  of  these  experiments  the  writer's  experiences  referred 
to  above  have  been  duplicated.     A  lessened  sensitiveness  was 
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attained  in  a  practically  important  degree,  but  not  complete 
insensitiveness.  Moreover,  this  result  was  obtained  under  cir- 
cumstances— the  repeated  intravenous  injection  of  relatively  large 
quantities  of  serum — which  warrant  the  conclusion  that  complete 
specific  insensitiveness  is  not  attainable  in  allergy. 

The  uniform  failure  to  induce  complete  insensitiveness  in 
allergy  indicates,  according  to  Coca,  that  the  relative  insensi- 
tiveness attained  in  allergic  conditions  is  of  a  nature  quite  dif- 
ferent from  that  of  desensitization.  The  objection  may  be  raised 
against  Coca's  conclusion  that  the  difference  between  these  two 
effects  need  not  be  a  quahtative  one;  it  may  be  only  quantita- 
tive. That  is,  the  clinical  insensitiveness  attainable  in  allergy 
may  represent  a  partial  desensitization.  In  fact,  a  superficial 
examination  favors  this  latter  view. 

However,  facts  are  at  hand  to  prove  that  the  difference  between 
the  two  effects  is  not  quantitative  but  qualitative.  They  indi- 
cate, by  the  same  token,  that  the  allergic  hypersensitiveness  of 
human  beings  is  not  due  to  the  influence  of  precipitin — it  is  not 
.  anaphylaxis. 

We  are  referring  to  the  results  pubhshed  by  Coca  and  Kosakai 
(6)  in  their  study  of  the  reactivity  of  partially  neutralized  pre- 
cipitin. These  investigations  showed  that  the  partial  neutraU- 
zation  of  precipitin  takes  place  according  to  a  law  which  is  quite 
different  from  that  governing  partial  chemical  precipitation. 
As  they  did  not  analyze  their  experiments  from  this  point  of 
view,  we  will  do  it  here. 

In  their  table  (1)  it  appears  that  in  guinea-pigs  passively 
sensitized  with  0.4  cc.  of  a  precipitating  serum,  only  slight  symp- 
toms were  caused  by  the  injection  of  0.0025  cc.  of  the  antigen 
solution.  After  a  partial  neutraUzation  of  the  precipitating 
serum  with  a  quantity  of  the  antigen  corresponding  mth  0.0008 
cc.  animals  were  sensitized  with  0.4  cc.  of  the  treated  serum  and 
it  was  found  that  in  these  animals  0.01  cc.  of  the  antigen  was 
required  to  produce  shght  symptoms;  that  is,  twelve  and  a  half 
times  as  much  as  was  used  for  the  partial  neutraUzation. 

In  a  similar  experiment  (table  4)  in  which  the  partial  neutraU- 
zation was  carried  out  in  vivo  with  0.008  cc.  of  the  antigen  0.1 
cc.  was  required  to  cause  symptoms  in  the  sensitized  guinea- 
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pigs — again  twelve  and  a  half  times  the  quantity  of  antigen  used 
for  the  partial  neutraUzation  of  the  antiserum  (partial  desensi- 
tization  in  this  case). 

A  third  experiment  (table  8)  wdth  a  different  serum,  resulted 
in  a  larger  ratio  between  the  dose  of  antigen  used  for  partial 
desensitization  and  that  required  to  produce  symptoms.  The 
ratio  in  8a  was  0.00025:0.0133: :  1:53;  in  8b  0.0025:0.2: :  1:80. 
The  discrepancy  between  these  two  ratios  is  due  to  experimental 
error. 

In  the  same  paper  Coca  and  Kosakai  were  able  to  demonstrate 
that  the  reacti\dty  of  partially  neutralized  precipitin,  as  judged 
in  vitro  by  the  criterion  of  precipitation,  is  quantitatively  the 
same  as  it  is  in  vivo  as  judged  by  the  criterion  of  anaphylactic 
shock. 

The  fundamental  difference  between  the  quantitative  laws 
governing  immunological  and  chemical  precipitation  is  seen  in 
a  comparison  of  the  experiments  just  described  and  the  following: 
if  to  10  cc.  of  a  decinormal  solution  of  silver  nitrate  1  cc.  of 
decinormal  hydrochloric  acid  is  added  and  if  the  resultant  pre- 
cipitate is  rem^oved  a  further  precipitation  can  be  produced  b}' 
the  second  addition  of  1  cc.  of  decinormal  hydrochloric  acid; 
moreover,  the  second  precipitate  will  be  of  exactly  the  same 
weight  as  was  the  first. 

The  experiments  of  Coca  and  Kosakai  reveal  a  simple  but 
fundamentally  characteristic  peculiarity  in  the  partial  neutra- 
lization of  precipitin  which  may  be  used  as  a  test  to  determine  the 
nature  of  human  hypersensitiveness.  If  the  latter  is  dependent 
upon  the  presence  of  precipitin,  then  the  successive  injection  of 
identical  or  nearly  identical  quantities  of  the  exciting  agent 
should  not  cause  repeated  exhibition  of  symptoms.  A  multiple 
of  the  partially  desensitizing  dose  is  always  required  to  cause 
symptoms  upon  a  subsequent  injection.  Conversely,  if  symp- 
toms, even  in  sUght  degree,  recur  upon  such  repeated  injections, 
then  precipitin  can  have  no  part  in  the  production  of  the 
symptoms. 

Applying  this  test  to  the  observations  of  Alexander  and  of 
Mackenzie  which  we  have  referred  to  above,  we  must  conclude 
that  the  serum  sensitiveness  which  they  were  attempting  to 
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modify  was  not  anaphylactic  in  nature  and  that  the  reduced 
sensitiveness  which  they  estabhshed  was  therefore  not  a  partial 
desensitization. 

In  the  first  case  cited  from  Alexander,  two  successive  intrave- 
nous injections  of  1  cc.  of  serum  were  followed  in  each  instance 
by  symptoms  which  were  altered  at  the  second  injection  but 
still  marked. 

In  the  second  case  six  successive  injections  of  nearly  equal 
and  large  quantities  of  serum  each  produced  symptoms. 

In  one  of  Mackenzie's  cases  an  intravenous  injection  of  1  cc. 
of  serum  was  given  without  sjnuptoms,  yet  one  and  a  half  hours 
later  2  cc.  caused  marked  reaction.  The  conditions  in  Mac- 
kenzie's second  case  were  similar  to  those  of  the  first  and  the 
results  were  the  same. 

One  of  the  outstanding  and  practically  important  features  of 
allergic  hypersensitiveness  is  the  specific  reactivity  of  the  skin. 
The  easy  accessibiUty  of  this  tissue  invited  study  of  the  effect 
of  injections  of  the  exciting  agent  of  the  hypersensitiveness  upon 
the  cutaneous  reaction. 

The  writer  had  had  numerous  opportunities  to  make  such  a 
study  following  subcutaneous  injections  given  in  hay  fever  and 
asthma  for  therapeutic  purpose.  The  effect  of  those  injections 
has  usually  been  a  specific  lessening  of  the  general  cutaneous 
reactivity,  which,  however,  never  approached  extinction. 

Recently  Mackenzie  and  Baldwin  (7,  8)  have  investigated  the 
effect  of  local  apphcation  of  the  exciting  agent  upon  the  cutaneous 
reaction  and  they  have  concluded  that  after  repeated  applica- 
tions to  the  same  site  the  reactivity  of  that  site  is  specifically 
exhausted.  In  some  instances  the  exhaustion  did  not  persist 
longer  than  twenty-four  hours;  in  one  case,  however,  the  intra- 
cutaneous injection  of  a  1:10  dilution  of  egg  white  caused  a 
complete  suppression  of  reactivity  in  the  same  site  for  three  days. 

In  several  unpubUshed  experiments  we  had  been  unable  to 
demonstrate  an  exhaustion  of  the  cutaneous  reactivity  after  an 
interval  of  about  twenty  hours  following  one  or  more  intradermal 
injections,  although  in  some  instances  the  solution  used  for  the 
attempted  exhaustion  was  several  times  stronger  than  that  used 
for  the  final  test  on  the  following  day. 
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In  further  experiments,  which  we  are  about  to  describe,  we 
have  made  repeated  intradermal  injections  in  the  same  site  at 
short  intervals  and  we  have  succeeded  in  producing  practically 
complete  exhaustion  of  the  reactivity  of  the  site  to  the  substance 
in  the  particular  concentration  in  which  it  had  been  injected. 
However  this  effect  could  be  shown  not  to  be  specific ;  it  appears, 
thus,  to  be  merely  a  temporary  exhaustion  or  fatigue  of  the 
general  power  of  reactivity  on  the  part  of  the  tissues  to  irritation. 

The  experiments  were  carried  out  by  the  writer  on  himself. 
This  circumstance  permitted  a  continuous  observation  as  to 
both  the  objective  and  the  subjective  phenomena  during  the 
considerable  period  of  time  occupied  by  the  tests. 

The  writer  is  highly  sensitive  to  horse  and  rabbit  dandruff  and 
also  to  the  serum  of  these  two  animals.  The  first  experiment 
was  carried  out  with  extracts  of  the  danders;  in  the  second 
experiment  the  two  sera  were  used. 

In  both  experiments  the  volume  of  fluid  injected  was  always 
the  same — 0.01  to  0.02  cc.  The  concentration  of  the  allergens 
in  the  different  solutions  is  indicated  by  the  quantity  of  nitro- 
gen in  1  cc.  of  fluid  as  determined  with  the  Kjeldahl  method. 
For  example,  horse  epitheUum  0.01  means  an  extract  of  horse 
dander  1  cc.  of  which  contained  0.01  milUgram  of  nitrogen. 

All  injections  were  made  intradermally  and  when  repeated 
injections  were  made  in  the  same  site  the  needle  was  always 
introduced  into  the  same  puncture  orifice. 

EXPERIMENT    1^ 

July  23. 

12:35  p.m.  Horse  epithelium  0.01  is  injected  into  site  1  on  the  anterior 
surface  of  the  left  forearm.  12:50  p.m.  The  area  of 
reaction  is  drawn  (fig.  1,  chart  1. 
4:55  p.m.  The  wheal  at  site  1  has  disappeared  but  the  site  is  still  red 
and  there  is  an  area  of  edema  of  the  size  of  a  quarter. 
Horse  epithelium  0.01  is  injected  into  site  1. 

2  On  July  25  at  the  time  the  tests  were  made  with  horse  epithelial  extract  0.05 
milligram  of  nitrogen  per  cubic  centimeter  there  were  noted  some  constitutional 
effects — coryza,  asthma  and  slight  urticaria.  About  five  days  after  these  tests 
were  made  there  developed  further  mild  symptoms  of  asthma  with  coughing  and 
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5:05  p.m.  The  area  of  reaction  is  drawn  (fig.  2,  chart  1).  The  wheal 
is  somewhat  larger  than  that  produced  by  the  first  in- 
jection and  there  is  marked  itching  as  at  first. 

10:15  p.m.  Site  1  still  presents  an  area  of  redness  and  edema  measur- 
ing about  2  by  3  inches.  Horse  epithelium  0.01  is 
injected  into  site  1. 

10:30  p.m.  The  area  of  reaction  is  drawn  (fig.  3,  chart  1).  There  is 
no  increase  in  the  zone  of  hyperemia.  A  wheal  is 
again  formed  accompanied  by  considerable  itching. 

July  24 

8:15  a.m.     The  zone  of  redness  and  edema  still  persists  (2  by  3  inches). 

Horse  epithelium  0.01  is  injected  into  site  1. 
8:30  a.m.    The  area  of    reaction  is  drawn    (fig.  4,   chart  1).     The 

reaction  as  a  whole  is  distinctly  less  than  at  the  first 

injection.^ 
2:10  p.m.    There  is  very  slight  edema  and   no  redness  at  site   1. 

Horse  epithelium  0.01  is  injected  into  site  1. 
2:20  p.m.     The  area  of  reaction   is   drawTi    (fig.  5,  chart  1).    The 

wheal  is  of  about  the  size  of  the  earlier  ones  but  it  is  of 

shorter  duration;  the  zone  of  hyperemia  is  strikingly 

decreased. 
4:10  p.m.     There  is  practically  no  edema  and  no  redness  at  site  1. 

Horse  epithelium  0.01  is  injected  into  site  1. 
4:25  p.m.     The  area  of  reaction  is   drawn   (fig.  6,   chart  1).     The 

wheal  is  less  sharply  defined  and  hyperemia  is  almost 

absent. 
6:20  p.m.     Horse  epithelium  0.01  is  injected  at  site  1 . 
6:30  p.m.     The  area  of  reaction  is  drawn  (fig.  7,  chart  1).     The  wheal 

is  ill  defined,  merging  into  a  small  zone  of  hyperemia. 
10:30  p.m.     Horse  epithelium  0.01  is  injected  into  site  1. 
10:45  p.m.     The  area  of   reaction  is   drawn    (fig.  8,  chart  1).    The 

reaction  is  distinctly  more  marked  than  it  was  at  the 

last  preceding  injection.     There  is  no  itching. 

expectoration  and  an  occasional  hive.  This  necessitated  the  use  of  adrenalin  in 
a  dose  of  ten  minims  two  to  three  times  daily.  The  condition  lasted  for  ten  days 
and  then  subsided  over  a  period  of  four  daj'S.  After  the  second  series  of  tests 
with  serum  to  which  the  writer  is  less  sensitive  there  was  no  constitutional  reac- 
tion aside  from  an  occasional  hive  during  four  to  five  days  after  the  last  test. 

2  It  must  be  borne  in  mind  that  the  relative  duration  of  the  reactions  and  the 
relative  intensity  of  the  hyperemia  are  not  indicated  in  the  drawings. 
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July  25 

7:30  a.m.  There  is  a  small  papule  \  inch  in  diameter  about  the 
puncture  orifice.  The  papule  is  slightly  tender  and 
not  red.     Horse  epithelium  0.01  is  injected  into  site  1. 

7:45  a.m.  The  area  of  reaction  is  drawn  (fig.  9,  chart  1).  The  reac- 
tion is  of  short  duration.     There  is  no  itching. 

9:15  a.m.  The  papule  is  slightly  tender;  there  is  no  redness.  Horse 
epithelium  0.05  is  injected  into  site  1. 

9:30  a.m.  The  area  of  reaction  is  drawn  (fig.  10,  chart  1).  The 
wheal  is  larger  than  the  preceding  one;  there  is  no 
hyperemia  and  no  itching.  The  wheal  is  of  short  dura- 
tion. 
10:40  a.m.  The  papule  is  tender;  there  is  no  redness.  Horse  epi- 
thelium 0.1  is  injected  into  site  1. 
10:50  a.m.  The  area  of  reaction  is  drawn  (fig.  11,  chart  1).  The 
injection  of  this  more  concentrated  solution  caused  an 
evanescent  hyperemia  and  considerable  itching  which 
was  felt  also  in  the  cubita  fossa. 

5:55  p.m.  Only  the  papule  persists.  Horse  epithelium  0.1  is  in- 
jected into  site  1  and  also  into  another  place  on  the 
same  forearm — site  2. 

6:05  p.m.  The  two  areas  of  reaction  are  drawn  (fig.  12a,  chart  1 — 
site  1;  fig.  12b,  chart  1 — site  2).  The  reaction  at 
site  1  was  of  very  short  duration  without  itching. 
That  at  site  2  was  accompanied  with  itching,  hyperemia 
and  edema  which  persisted  until  6:00  p.  m.  on  the 
following  day. 

6:15  p.m.  Rabbit  epithelium  0.05  is  injected  into  the  lower  anterior 
surface  of  the  right  forearm — site  3. 

6:30  p.m.  The  area  of  reaction  at  site  3  is  drawn  (fig.  13a,  chart  1). 
There  is  a  lymphangitis  which  is  visible  at  intervals 
from  the  injection  site  to  the  cubital  fossa,  where 
it  is  especially  marked. 

8:30  p.m.  The  area  of  reaction  at  site  3  is  again  drawn  (fig.  13b, 
chart  1).  Both  the  wheal  and  the  zone  of  hyperemia 
have  increased.  On  the  following  morning  edema  and 
redness  were  still  present. 

8 :35  p.m.    Rabbit  epithehum  0.5  is  injected  into  site  1. 

8:50  p.m.  The  area  of  reaction  of  site  1  is  drawn  (fig.  14,  chart  1). 
There  is  a  slight  lymphangitis  extending  to  the  cubital 
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fossa  and  a  very  slight  lymphangitis  from  the  fossa  to 
the  axilla. 
The  reaction  produced  at  site  1  by  the  last  injection  has 
subsided;  no  trace  of  it  is  left. 

July  26 

Horse  epithehum  0.1  is  injected  into  site  1. 

The  area  of  reaction  at  site  1  is  drawn  (fig.  15,  chart  1). 
The  resulting  wheal  was  larger  than  that  of  12a.  It 
persisted  for  one-half  hour  and  was  accompanied  with 
itching,  which  extended  up  through  the  cubital  fossa 
into  the  axilla. 

EXPERIMENT  2 

AiLgust  25 

8:45  p.m.     Horse  serum  0,1  is  injected  into  site  a  on  the  right  forearm 

9:00  p.m.    The  area  of  reaction  is  drawn  (fig.  la,  chart  2). 

8:50  p.m.     At  site  x  on  the  same  forearm  rabbit  serum  1  was  injected 

as  a  preliminary  test  of  the  cutaneous  reactivity  to  that 

material. 
9:05  p.  m.    The  area  of  reaction  at  site  x  is  drawn  (fig.  lb,  chart  2). 

August  26 

7:45  a.m.     Site  a  is  still  red  and  slightly  edematous.     Horse  serum  0.1 
is  injected  into  site  a. 

8:00  a.m.  The  area  of  reaction  is  drawn  (fig.  2,  chart  2).  The  reac- 
tion appears  to  be  shghtly  greater  than  after  the  pre- 
ceding injection.  This  is  doubtless  due  to  the  per- 
sistence of  the  effects  of  the  first  injection. 
12:45  p.m.  Some  of  the  wheal  and  of  the  hyperemia  still  persist 
from  the  second  injection.  Horse  serum  0.1  is  in- 
jected into  site  a. 

1:00  p.m.     The  area  of  reaction  is  drawn  (fig.  3,  chart  2). 

8:25  p.m.    There  is  still  some  hyperemia  at  site  a.     Horse  serum  0.1 
is  injected  into  site  a. 

8:35  p.m.     The  area  of  reaction  at  site  a  is  drawn  (fig.  4,  chart  2). 
There  is  some  itching  in  the  site,  but  no  increase  in  the 
hyperemia  and  little  in  the  wheal. 
11:30  p.m.     Slight  hyperemia  still  persists  at  site  a.     Horse  serum  0.1 
is  injected  into  site  a. 
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11:40  p.m.  The  area  of  reaction  is  drawn  (fig.  5,  chart  2).  There  is 
slight  itching  in  the  site  but  no  real  increase  in  the 
wheal  nor  in  the  hyperemia. 

August  27 

I'Ah  a.m.     Horse  serum  0.1  is  injected  into  site  a. 

8:00  a.m.  The  area  of  reaction  at  site  a  is  drawn  (fig.  6,  chart  2). 
There  is  very  slight  itching  and  faint  hyperemia  in  the 
site.  The  wheal  is  not  increased  in  size.  There  is 
an  urticarial  spot  on  the  right  thigh, 

9:00  a.m.     Horse  serum  1  is  injected  into  site  a. 

9:10  a.m.  The  area  of  reaction  at  site  a  is  drawn  (fig.  7,  chart  2). 
This  reaction  lasted  only  twenty  minutes.  There  was 
a  constitutional  reaction — asthma,  with  generalized 
itching  and  coryza  with  itching  of  the  eyes — which 
persisted  for  about  two  hours. 
12:10  p.m.     Horse  serum  1  is  injected  into  site  a  and  into  site  b  on  the 

left  forearm. 
12:20  p.m.  The  area  of  reaction  at  site  a  is  drawn  (fig.  8a,  chart  2). 
This  reaction  lasted  fifteen  minutes.  There  was  a  con- 
stitutional reaction  with  corj'za  and  generalized  itching 
which  lasted  about  two  hours.  Five  urticarial  spots 
appeared  on  the  body. 
12:25  p.m.  The  reaction  at  site  b  is  drawn  (fig.  8b,  chart  2).  This 
reaction  persisted  for  twenty-four  hours. 

3:00  p.m.  Rabbit  serum  1  is  injected  into  site  a  and  into  site  c  on 
the  left  forearm. 

3:10  p.m.  The  area  of  reaction  at  site  a  is  drawn  (fig.  9a,  chart  2). 
There  is  no  itching  and  no  definite  hyperemia.  The 
size  of  the  wheal  is  not  increased.  The  reaction  at 
site  is  marked,  though  not  so  intense  as  that  at  site  b. 

3:15  p.m.  The  area  of  reaction  at  site  c  is  drawn  (fig.  9b,  chart  2). 
The  reaction  persisted  for  about  twenty  hours,  with 
edema,  itching  and  hyperemia. 

Both  of  these  experiments  bear  out  the  conclusions  which  we 
arrived  at  in  our  discussion  of  the  observations  of  Alexander  and 
of  Mackenzie:  namely,  that  there  is  no  true  desensitization  in 
allergy.  In  experiment  1,  three  successive  injections  of  the  same 
quantity  of  horse  epithehum  0.01  produced  marked  reactions 
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(figs.  1,  2,  and  3,  chart  1).  In  experiment  2,  two  successive 
injections  of  horse  serum  0.1  produced  marked  reactions. 

The  second  noteworthy  feature  of  both  experiments  is  that 
after  a  site  has  been  made  nearly  insensitive  to  one  concentra- 
tion of  the  material  that  is  being  injected,  a  vigorous  reaction 
can  be  produced  with  a  stronger  concentration  of  the  same 
material  (fig.  11,  chart  1;  and  fig.  7,  chart  2). 

In  this  fact  may  be  seen  a  possible  explanation  of  the  belief 
of  ^lackenzie  and  Baldwin  that  the  local  ''exhaustion"  of  the 
allergic  reaction  is  specific.  These  authors  may  have  tested  the 
exhausted  site  with  a  second  protein  in  a  concentration  higher 
than  that  of  the  protein  used  for  the  exhaustion. 

The  third  result  of  the  tests,  which  is  e\ddent  in  both  experi- 
ments, is  that  the  local  insensitiveness  produced  by  the  repeated 
injections  is  not  specific,  as  Mackenzie  and  Baldwin  thought. 
It  is  merely  the  well  known  nonspecific  fatigue  of  the  tissues  to 
protracted  irritation. 

Before  this  condition  of  fatigue  has  set  in,  the  allergic  mechan- 
ism continues  to  function  upon  repeated  identical  injections  and 
even  after  the  tissues  have  become  fatigued  to  one  concentration 
of  the  allergen  the  mechanism  can  be  shown  to  be  still  intact  by 
the  injection  of  the  allergen  in  greater  concentration. 

In  experiment  1,  after  site  (1)  had  been  rendered  insensitive 
to  horse  epitheUum  0.1,  the  injection  of  the  stronger  extract  of 
rabbit  epithelium  0.5  produced  a  distinct  reaction.  This  reac- 
tion was,  however,  much  weaker  in  intensity  and  duration  than 
that  caused  by  the  same  injection  into  the  fresh  site  (3).  It  was 
probably  no  greater  than  one  that  would  have  been  produced  in 
the  "exhaused"  site  by  horse  epithelium  0.5. 

In  experiment  2,  the  drawings  of  the  final  reactions  are  in 
themselves  convincing  evidence  of  the  non-specificity  of  the 
local  insensitiveness  produced  by  repeated  injections. 

The  necessity  of  seeking  further  evidence  to  support  the  fore- 
going interpretation  of  our  experiments  has  been  recognized. 
It  was  necessary,  first,  to  find  out  whether  a  non-specific  local 
exhaustion  of  the  skin  is  possible  and,  secondly,  if  this  was  true, 
to  see  whether  any  significant  difference  is  demonstrable  in  the 
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development  of  this  non-specific  local  exhaustion  and  of  that 
induced  by  the  repeated  injection  of  allergens  in  specifically 
sensitive  individuals.  These  two  questions  were  investigated 
in  some  experiments  that  were  carried  out  in  this  department  by 
Dr.  W.  C.  Spain  and  Dr.  Ruth  Guy  with  peptone  and  histamin. 

The  susceptibihty  of  the  skin  to  peptone  was  first  described 
by  Philippson  in  the  Giorn.  ital.  d.  mal.  ven.  e.  d.  pelle  in  1899; 
that  to  histamin  was  first  described  by  Eppinger  in  the  Wien. 
med.  Woch.  in  1913.  Since  the  local  effect  of  both  of  these 
substances  is  non-specific  they  lent  themselves  well  to  the  pur- 
pose in  mind. 

Tvlackenzie  and  Baldwin  (8)  state  that  Sollman  found  the 
histamin  skin  reaction  inexhaustible  and  that  they  themselves 
found  this  reaction  actually  to  increase  in  size  and  intensity 
with  each  successive  appUcation  of  the  substance.  A  review  of 
the  experiments  of  Solhnan  (9,  10)  shows  that  they  are  inade- 
quate 10  determine  this  question.  In  the  earher  experiments 
with  Pilcher  (9)  he  states  (page  313),  ''When  repeated  applica- 
tions are  made  (histamin)  whether  to  the  same  or  to  the  opposite 
arm,  the  wheals  of  the  later  applications  appear  smaller  than  the 
earlier."  In  his  later  study  (10)  Sollman  describes  only  one 
experiment  (no.  18)  in  which  a  "repeated"  appUcation  of  hista- 
min was  made  at  one  site.  In  this  experiment  the  second  appU- 
cation of  a  1^  per  cent  solution  after  a  thirty-five  minute  inter- 
val produced  a  more  vigorous  reaction  than  had  the  first.  No 
further  applications  were  recorded.  Evidently  no  information 
regarding  the  possible  exhaustibihty  of  the  histamin  reaction 
is  obtainable  from  this  experiment. 

Mackenzie  and  Baldwin  (8),  also,  used  the  strong  iq  per  cent 
solution  of  histaiTiin.  They  do  not  state  how  many  applications 
were  made  nor  what  intervals  of  time  were  observed.  In  the 
experiments  by  Dr.  Spain  and  Dr.  Guy  the  concentration  of  the 
two  substances  in  the  solutions  is  given  in  percentage  of  the  dry 
material.  The  quantity  injected  was  the  same  as  in  the  writer's 
experiment  (0.01  cc).  All  of  the  injections  were  intradermal. 
In  the  first  experiment  by  Dr.  Spain  all  of  the  injections  were 
made  into  the  same  puncture  orifice  on  the  left  forearm  as 
follows : 
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July  23 

Histamin,  0.01." 

Area  of  reaction  drawn  (figure  1,  chart  3). 

Histamin,  0.02. 

Area  of  reaction  drawn  (figure  2,  chart  3). 

Histamin,  0.04, 

Area  of  reaction  drawn  (figure  3,  chart  3).  The  outlines 
of  the  wheal  are  indistinct, 

Histamin,  0.04. 

Area  of  reaction  drawn  (fig.  4,  chart  3).  The  wheal 
forms  slowly  and  is  indistinct. 

Histamin,  0.04, 

Area  of  reaction  drawn  (fig.  5,  chart  3).  The  wheal  is  not 
elevated  above  the  level  of  the  surrounding  tissue;  its 
outline  is  indistinct. 

Histamin,  0.04. 

Area  of  reaction  drawn  (fig.  6,  chart  3).  The  outhne  of 
the  wheal  is  questionable. 

Histamin,  0.04. 

Area  of  reaction  drawn  (fig.  7,  chart  3).  The  outlines 
of  the  reaction  are  very  indistinct:  the  surroimding 
skin  is  indurated  in  a  space  about  3  inches  in  diameter. 
There  is  no  definite  wheal. 
8:30  p.m.  Histamin,  0.2.  No  definite  wheal  resulted  from  this  in- 
jection.    No  drawing  was  made. 

July  24 

8:30  a.m.  The  area  of  induration  still  persists,  with  a  shot-like 
central  node.    No  injection  made  at  this  time. 

11:45  a.m.     Histamin,  0.4. 

12:00  a.m.  Area  of  reaction  drawn  (fig.  8,  chart  3).  A  very  indis- 
tinct wheal  is  formed  which  is  only  slightly  elevated. 
There  is  httle  erythema. 

July  26 

4:00  p.m.     Histamin,  0.4. 

4:30  p.m.  The  outHnes  of  the  reaction  are  very  indistinct  Area  of 
reaction  drawn  (fig.  9,  chart  3). 

♦  100  cc.  of  this  solution  contained  0.01  grams  of  histamin.  The  substance 
was  obtained  from  Burroughs  Wellcome  &  Co.  under  the  name  Ergamine  Acid 
Phosphate. 


12:55  p.m. 

1:15  p,m. 

2:30  p,m. 

2:45  p.m. 

3:00  p.m. 

3:20  p,m. 

4:00  p.m. 

4:20  p.m. 

4:50  p.m. 

5:10  p.m. 

7:15  p.m. 

7:35  p.m. 

8:10  p.m. 

8:30  p.m. 
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In  the  second  experiment  by  Dr.  Spain,  all  of  the  injections 
excepting  the  final  control  injection  were  made  into  the  same 
puncture  orifice  on  the  left  forearm  as  follows: 

September  IS 

9.-00a.m.     Histamin  0.1. 

9:15  a.m.    Area  of  reaction  drawn  (fig.  1,  chart  4).    There  is  decided 
erythema  and  much  itching  after  five  minutes. 
10:00  a.m.     Histamin,  0.1.    The  reaction  caused  by  the  first  injection 

has  subsided.    There  is  immediate  itching. 
10:05  a.m.     There  is  a  sensation  of  dizziness  and  "light  headedness. " 
which  lasts  about  one  to  two  minutes.     Blood  pressure 
is  112/80.     (The  normal  pressure  is  118/80  -116/80.) 
10:10  a.m.     Area  of  reaction  drawn  (fig.  2,  chart  4) 
11:00  a.m.     Histamin,  0.1.    The  wheal  and  most  of  the  erythema 

have  disappeared. 
11:15  a.m.     Area  of  reaction  drawn  (fig.  3,  chart  4).    The  reaction  is 

apparently  equal  to  the  previous  one. 
12:05  p.m.    Histamin  0.1. 

12:15  p.m.    Area  of  reaction  drawn  (fig.  4,  chart  4).    There  is  very 
Httle  reaction;  the  size  of  the  wheal  and  extent  of  the 
erythema  are  not  increased. 
2:00  p.m.     Histamin,  0.1. 
2:15  p.m.     Area  of  reaction  drawn  (fig.  5,  chart  4).    There  is  little 

erythema  and  little  increase  in  the  size  of  the  wheal. 
3 :45  p.m.    Histamin  0.2. 

3:55  p.m.    Area  of  reaction  drawn  (fig.  6,  chart  4).    There  is  some 
increase  in  the  size  of  the  wheal,  though  the  reaction  is 
not  violent.    The  zone  of  erythema  is  comparatively 
small. 
5:00  p.m.     Histamin,  0.2. 

5:10  p.m.  Area  of  reaction  drawn  (fig.  7,  chart  4).  The  reaction  was 
sUght. 

September  14 

9:00  a.m.     Histamin  0.2. 

9:15  a.m.  Area  of  reaction  drawn  (fig.  8,  chart  4).  The  reaction  was 
slight ;  the  hyperemia  was  hardly  visible. 

9:30  a.m.     Histamin,  0.2. 

9:45  a.m.  Area  of  reaction  drawn  (fig.  9,  chart  4).  There  is  no  in- 
crease in  the  size  of  the  wheal;  the  hyperemia  is  vague. 
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1 1 :00  a.m.     Histamin,  0.4. 

11:15  a.m.     Area  of  reaction  drawn  (fig.  10,   chart  4).    The  wheal 

remains  the  same  and  the  hyperemia  is  very  shght. 
11 :00  a.m.     Histamin  0.4  in  right  forearm. 
11 :15  a.m.     Area  of  reaction  drawn  (fig.  11,  chart  4). 

The  experiment  by  Dr.  Guy  was  carried  out  on  herself  as 
follows : 

September  22 

10:29  a.m.     Histamin,  0.02,  site  1. 

10:37  a.m.     Area  of  reaction  drawn  (fig.  1,  chart  5) 

11:55  a.m.     Histamin,  0.02,  site  1. 

12:07  p.m.     Area  of  reaction  drawn  (fig.  2,  chart  5). 

2 :07  p.m.     Histamin,  0.02  site  1 . 

2:40  p.m.     Area  of  reaction  drawn  (fig.  3,  chart  5.)     The  wheal  was 
rather  indefinite. 

4:00  p.m.     Histamin,  0.02,  site  1. 

4:12  p.m.     Area  of  reaction  drawn  (fig.  4,  chart  5).     Wheal  again  not 
sharply  defined. 

September  24 

11:11  a.m.  Histamin,  0.02,  site  1. 

11:16  a.m.  Area   of   reaction    drawn    (fig.  5,   chart  5).     A  definite 

reaction. 

12:50  p.m.  Histamin,  0.02,  site  1. 

1:04  p.m.  Area  of  reaction  drawn  (fig.  6,  chart  5).     The  reaction  was 
slight. 

2:09  p.m.  Histamin,  0.02,  site  1. 

2:25  p.m.  Area  of  reaction  drawn  (fig.  7,  chart  5).     Slight  reaction. 

3:56  p.m.  Histamin,  0.02,  site  1. 

4:01p.m.  Area  of  reaction  drawn  (fig.  8,  chart  5).     Shght  reaction. 

9:08  p.m.  Histamin  0.02,  site  1  right  forearm. 

9:15  p.m.  Area  of  reaction  drawn  (fig.  9,  chart  5).     Slight  reaction. 

11 :03  p.m.  Histamin  0.02,  site  1. 

11 :17  p.m.  Area  of  reaction  drawn  (fig.  10,  chart  5).     Slight  reaction. 

September  24 

10:47  a.m.     Histamin  0.02,  site  1. 

10:56  a.m.     Area  of  reaction  drawn    (fig.   11,   chart  5).     Very  slight 
reaction. 
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Chart  3 

first  injection;  histamin,  0.01  per  cent, 
second  injection;  histamin,  0.02  per  cent, 
third  injection;  histamin,  0.04  per  cent, 
fourth  injection;  histamin,  0.04  per  cent, 
fifth  injection;  histamin,  0.04  per  cent, 
sixth  injection;  histamin,  0.04  per  cent, 
seventh  injection;  histamin,  0.04  per  cent, 
ninth  injection;  histamin,  0.4  per  cent, 
tenth  injection;  histamin,  0.4  per  cent. 

The  diameters  of  these  drawings  are  exactly  half  those^of  the  corresponding 
lesions. 


Fig.l. 

Site  a 

Fig.  2. 

Site  a 

Fig.  3. 

Site  a 

Fig.  4. 

Site  a 

Fig.  5. 

Site  a 

Fig.  6. 

Site  a 

Fig.  7. 

Site  a 

Fig.  8. 

Site  a 

Fig.  9. 

Site  a 
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Chart  4 

Site  a;  first  injection;  histamin,  0.1  per  cent. 

Site  a;  second  injection;  histamin,  0.1  per  cent. 

Site  a;  third  injection:  histamin,  0.1  per  cent. 

Site  a;  fourth  injection;  histamin,  0.1  per  cent. 

Site  a;  fifth  injection;  histamin,  0.1  per  cent. 

Site  a;  sixth  injection;  histamin,  0.2  per  cent. 

Site  a;  seventh  injection;  histamin,  0.2  per  cent. 

^  ^o-  -•  Site  a;  eighth  injection;  histamin,  0.2  per  cent. 

Fig.  9.  Site  a;  ninth  injection;  histamin,  0.2  per  cent. 

Fig.  10.  Site  a;  tenth  injection;  histamin,  0.4  per  cent. 

Fig.  11.  Site  b;  first  injection;  histamin;  0.4  per  cent. 

The  diameters  of  thebc  drawings  are  exactly  half  those  of  the  corresponding 
lesions. 


Fig. 
Fig.  2. 
Fig.  3. 
Fig.  4. 
Fig.  5. 
Fig.  6. 
Fig.  7. 
Fig. 
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Chart  5 

Fig.  1.  Site  1 ;  first  injection;  histamin,  0.02  per  cent. 
Fig.  2.  Site  1;  second  injection;  histamin,  0.02  per  cent. 
Fig. 3.  Sitel;  third  injection;  histamin,  0.02  per  cent. 
Fig.  1.  Site  1;  fourth  injection;  histamin,  0.02  per  cent. 
Fig.  5.  Sitel;  fifth  injection;  histamin,  0.02  per  cent. 
Fig.  6.  Site  1;  sixth  injection;  histamin,  0.02  per  cent. 
Fig.  7.  Site  1;  seventh  injection;  histamin,  0.02  per  cent. 
Fig.  8.  Site  1;  eighth  injection;  histamin,  0.02  per  cent. 
Fig.  9.  Site  1;  ninth  injection;  histamin,  0.02  per  cent. 
Fig.  10.  Site  1;  tenth  injection;  histamin,  0.02  per  cent. 
Fig.  11.  Sitel;  eleventh  injection;  histamin,  0.02  per  cent. 
Fig.  12.  Site  1;  twelfth  injection;  histamin,  0.02  per  cent. 
Fig.  13.  Site  1 ;  thirteenth  injection;  histamin,  0.2  per  cent. 
Fig.  14.  Site  2;  first  injection;  peptone,  5  per  cent. 

The  diameters  of  these  drawings  are  exactly  half  those  of  the  corresponding 
lesions. 
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11:47  a.m.     Histamin  0.02,  site  1.     Area  of   reaction  drawn  (fig.  12, 

chart  5).     Questionable  reaction. 
12:22  p.m.     Histamin  0.2     Site  1. 
12:30  p.m.     Area  of  reaction  drawn  (fig.  13,  chart  5).     Questionable 

reaction. 
12:45  p.m.     Peptone  (Witte)  5.0,  site  1. 
12 :55  p.m.    No  reaction.    No  drawing  was  made. 
12:45  p.m.     Peptone  (Witte)  5.0,  site  2,  left  forearm. 
12:55  p.m.    Area  of  reaction  at  site  2  drawn  (fig.  14,  chart  5). 

The  materials  used  in  the  foregoing  experiments  by  Dr.  Spain 
and  Dr.  Guy  produce  their  effect  upon  the  skin  by  direct  action 
and  not  by  the  mediation  of  an  immunological  reaction.  This 
is  evident  from  the  fact  that  most  individuals  are  susceptible 
to  these  substances  upon  the  first  administration  of  them.  There 
are  quantitative  differences  in  this  susceptibihty  which  we  may 
discuss  in  a  future  paper,  but  these  differences  do  not  contradict 
the  principle  just  stated. 

If  the  effect  of  the  injection  of  the  proteins  of  horse  and  rabbit 
dandruff  is  indirect — due  to  an  immunological  reaction — it 
should  be  expected  that  the  existence  of  the  intermediate  immuno- 
logical mechanism  would  be  expressed  in  some  difference  in  the 
results  of  the  repeated  injections  as  compared  with  those  of  the 
repeated  injections  of  the  directly  acting  histamin  and  peptone. 
However,  a  comparison  of  the  five  series  shows  them  to  be  identi- 
cal. In  all,  there  is  either  an  initial  increase  in  the  degree  of  the 
reaction  or  at  least  no  change  in  it  followed,  then,  by  a  decrease 
which  is  non-specific. 

The  evidence  which  we  have  presented  seems  to  warrant  the 
conclusion  that  the  lessened  sensitiveness  induced  in  allergy  by 
the  injection  of  the  exciting  agent  is  a  phenomenon  which  differs 
in  its  mechanism  from  that  of  desensitization  in  anaphylaxis. 
The  former  seems  not  to  depend  on  the  neutrahzation  of  precipi- 
tin as  does  the  latter. 

There  is,  however,  to  be  considered  the  hypothetical  possibiUty 
that  the  reactions  of  allergy  depend  on  the  presence  in  the  tissues 
of  "antibody-like"  substances  or  so-called  natural  antibodies. 
This  explanation  was  offered  by  Cooke,  Flood  and  Coca  (3) 
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but  it  was  later  dismissed  by  Coca  (1),  presumably  on  the  ground 
that  those  hjT)othetical  antibodies  could  not  be  neutralized 
completely.  We  hold  this  ground  to  be  for  the  present  a  valid 
one  because  there  is  no  known  natural  antibody  which  cannot 
be  completely  neutrahzed.  It  is  useless  to  assume  in  allergy  the 
existence  of  a  natural  antibody  lacking  a  cardinal  character  of 
the  known  antibodies.  One  may  as  well  assume  the  intermediary 
action  of  natural  antibodies  to  explain  the  specific  physiological 
effects  of  drugs. 

On  account  of  the  confusion  that  must  result  from  the  use 
of  the  well  defined  term  "  desensitization"  to  designate  clini- 
cally lessened  sensitiveness  in  allergy  it  is  suggested  that  the 
latter  be  referred  to  as  a  "hyposensitization."  The  etymologi- 
cal defect  and  also  the  convenience  of  this  proposed  term  are 
the  same  as  those  of  hypersensitization,  which  is  in  general  use. 

SUMMARY 

1.  The  quantitative  relations  in  partial  desensitization  are 
contrasted  with  those  that  obtain  in  the  state  of  lessened  sensi- 
tiveness in  allergy,  the  differences  being  such  as  to  indicate  a 
difference  in  the  mechanism  of  these  two  phenomena. 

2.  The  phenomenon  of  ''local  exhaustion"  of  the  allergic 
cutaneous  reaction  described  by  Mackenzie  and  Baldwin  is 
studied  and  found,  in  disagreement  with  these  authors,  to  be 
non-specific. 

3.  It  is  proposed  to  distinguish  the  lessened  sensitiveness 
induced  in  allergy  from  the  state  of  desensitization  in  anaphy- 
laxis by  designating  the  former  condition  as  a  state  of 
hyposensitization. 
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Tumors  of  striated  muscle  are  sufficiently  rare  to  make  the 
observation  of  a  new  and  characteristic  case  worthy  of  record. 
The  rhabdomj'oma  which  is  the  subject  of  the  present  discussion 
is  of  special  interest  because  of  the  peculiar  forms  assumed  by 
the  myogenic  cells  and  the  wide  variations  of  structure  in  the 
tumor. 

At  the  present  time  a  detailed  discussion  of  the  literature  of 
this  neoplasm  is  unnecessary;  but  the  facts  which  are  of  more 
direct  bearing  on  the  present  case  may  be  mentioned.  Bene- 
nati's  list  of  65  cases  was  published  in  1903;  and  the  cases 
reported  since  then  do  n<^t  show  any  material  change  in  the 
relative  frequency  of  this  tumor  in  the  various  parts  of  the  body. 
They  may  be  divided  according  to  the  regions  in  which  they 
occur.  Rhabdomyoma  is  found  most  often  in  the  genito- 
urinary tract.  There  are  39  cases  occurring  in  this  region:  kid- 
ney, 13;  testis,  9;  uterus,  6;  pelvis  of  the  kidney,  3;  vagina,  3; 
bladder,  3 ;  ovary  or  uterus,  1 ;  ovary,  2.  The  tumor  of  the  ovary 
described  by  Virchow  in  1850  was  a  papillary  cystic  rhabdo- 
myosarcoma, some  of  the  papillae  being  formed  of  striated 
muscle.  A  second  rhabdomyoma  of  the  ovary  was  reported  by 
Vignard.  It  was  similar  to  the  tumor  about  to  be  described, 
the  greater  part  being  striated  muscular  tissue  with  cystic 
degeneration  at  one  extremity. 

Wolfensberger  noted  the  frequency  of  this  tumor  in  the  neck 
and  adjoining  regions,  which  stand  second  to  the  genitourinary 
tract  with  9  cases.  These  localities  are :  orbit,  2 ;  temporal  bone, 
nose,  tongue,  parotid,  mandible,  esophagus,  and  mediastinum. 
Four  examples  are  found  posterior  to  the  pelvis.  They  were  in 
the  lumbar  region,  hip,  ischial  tuberosity,  and  anus. 
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Homol()0()Lis  rhabdomyomas  are  found  with  greatest  fre- 
quency in  the  heart,  where  8  cases  are  recorded.  Recently 
Wolbach  has  added  an  instructive  case  to  the  Hst.  The  re- 
maining 5  examples  were  found  in  the  following  regions:  pecto- 
ralis  major,  breast,  shoulder,  elbow,  and  thigh. 

Muller  has  recently  published  a  case  in  which  rhabdomyo- 
sarcoma followed  successive  fractures  of  the  femur.  In  his  case 
the  tumor  probably  arose  from  previously  normal  adult  voluntary 
striated  muscle  cells.  Such  tumors,  while  probably  not  infre- 
quent, are  rarely  reported,  and  belong  to  a  group  entirely 
different  from  the  ordinary  heterologous  or  teratomatous 
rhabdomyoma. 

Chnically,  rhabdomyomas  are  tumors  of  moderately  rapid 
growth.  Most  of  the  tumors  are  well  encapsulated  and  form  no 
metastases;  however,  there  are  others  with  infiltration  of  sur- 
rounding tissues  and  recurrence  after  removal  (Billroth,  2  cases; 
Buhl,  Kaschewarowa)  and  some  which  formed  metastases 
(Wolfensberger,  Eberth,  Benenati).  Burgess  has  reported  a  case 
in  which  there  were  multiple  metastases  throughout  the  body. 

Cohnheim's  theory  of  embryonal  rests  has  been  accepted  by 
many  authors  as  accounting  for  the  genesis  of  this  tumor, 
especially  of  the  heterologous  rhabdomyomas.  Ribbert  has  sug- 
gested as  the  origin  of  his  renal  tumor  the  development  of 
striated  muscle  from  the  smooth  muscle  present  in  the  pelvis 
of  the  kidney.     His  arguments  do  not  seem  to  be  convincing. 

Benenati  gives  five  possible  derivations  for  rhabdomyoma 
testis.  It  may  arise  from  smooth  or  striated  muscle  derived 
from  the  cremasteric  muscle  or  from  the  gubernaculum;  he  finally 
concludes  that  the  new  growth  arises  from  an  embryonal  rest. 
In  1904,  Ribbert  came  to  the  conclusion  that  rhabdomyoma 
testis  is  a  one-sided  development  of  a  teratoma.  In  the  present 
communication  I  hope  to  extend  this  interpretation  to  rhabdo- 
myoma of  the  ovary. 

The  genesis  of  teratoma  has  been  variously  explained.  Ver- 
neuil  in  1855  agreed  with  other  writers  in  finding  the  origin  of 
this  tumor  in  a  twin  inclusion.  Theories  which  found  the 
source  of  tridermal  neoplasms  in  polar  bodies  and  isolated  bias- 


Fig.  1.  Gross  Section  of  Tumor 
Note  capsule  and  thin  strands  of  connective  tissue  surrounding  the  individual 
spheroidal  masses  which  make  up  the  tumor. 


Fig.  2.  Low  Power  Field,  Including  the  Cell  Shown  in  Greater  Detail 
IN  Figure  5 
The  giant  cells  are  surrounded  by  myxomatous  tissue.     In  large  portions  of 
the  neoplasm  the  latter  element  is  found  exclusive  of  any  other. 
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tomercs  have  given  way  to  one  which  is  based  on  the  partheno- 
genetic  development  of  the  sex-celL  At  the  present  time  the 
last  mentioned  theory  has  the  greatest  number  of  adherents. 

The  results  of  experiments  performed  by  Stockard  have  led 
me  to  believe  that  the  twin  inclusion  theory  will  best  explain 
the  origin  of  this  neoplasm.  In  the  following  I  shall  endeavor  to 
prove  that  this  theory  is  applicable  not  only  to  rhabdomyoma  of 
the  ovary,  but  to  most  rhabdomyomas  in  common  with  many 
simple  tumors  occurring  inferiorly,  either  in  front  or  behind  the 
pelvic  zones,  in  the  genitourinary^  tract,  or  superiorly,  in  the 
neck  region. 

Present  case.  October,  1918,  Edith  M.,  one  and  a  half  years  of  age 
was  found  to  have  a  mass  in  the  abdomen  reaching  half  way  to  the 
umbilicus.  In  shape  and  size  it  seemed  to  resemble  a  kidney  with 
the  long  diameter  horizontal.  It  was  freely  movable.  There  were  no 
subjective  symptoms.  At  the  time  of  the  operation  nine  months  later, 
the  mass  appeared  to  fill  the  whole  abdomen  up  to  the  umbilicus.  Early 
in  February,  1919,  the  child  begun  to  vomit  to  such  an  extent  as  to 
cause  the  mother  to  give  consent  to  operation.  At  that  time  a  yellowish 
discoloration  appeared  on  the  skin  about  the  umbilicus. 

Operation,  performed  February  9,  1919,  disclosed  a  well  encapsu- 
lated tumor  arising  apparently  from  the  region  of  the  left  ovarj^,  fill- 
ing the  pelvis,  with  a  narrower  upper  portion  lying  under  the  inferior 
surface  of  the  liver.  The  capsule  was  attached  to  the  anterior  ab- 
dominal wall  posterior  to  the  umbilicus.  The  entire  new  growth  was 
removed.  In  the  process  of  removing  the  tumor  the  capsule  was 
broken  so  that  some  of  the  myxomatous  tissue  fell  into  the  abdominal 
cavity.     The  child  died  of  abdominal  recurrence,  May  31,  1919. 

Gross  anatomy.  The  tumor  is  covered  by  a  thin,  movable  capsule 
and  consists  of  two  parts,  a  lower,  hard,  spherical  mass,  11  cm.  in 
diameter,  and  an  upper  myxomatous  portion,  4  cm.  in  diameter.  It 
weighs  26  ounces.  The  surface  is  smooth  and  presents  various 
rounded  protuberances.  On  section  of  the  larger  part,  the  capsule  is 
seen  to  run  inward  from  the  surface  in  thin  strands  throughout  the 
tumor,  giving  the  impression  that  it  was  the  covering  of  an  ever  in- 
creasing growth.  The  tumor  is  made  up  of  rounded  masses,  3  cm.  to  a 
few  millimeters  in  diameter,  suggesting  that  it  grew  by  the  appear- 
ance of  new  parts,  as  well  as  by  the  increase  in  size  of  the  older  por- 
tions. On  section  the  myxomatous  division  was  found  to  contain  a 
cavity. 


Fig.  3.  Giant  Cell  with  Extexsiox  of  Fibrillated  Process  in  Muscle. 

Fiber  Formation 
Adjoining  are  muscle  fibers  showing  to  some  degree  longitudinal  and  cross- 
striation. 


1  •^^ 


K^ 


Fig.  4.  Giant  Cell  with  Well-Foumkd  Fibkils  Arranged  without  Definite 

Order 

There  are  four  nuclei  situated  at  one  end  of  the  cell 
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Structure.  Several  main  histological  features  deserve  description. 
Perliaps  the  most  striking  are  the  giant  cells.  These  cells  have  an 
acidophile  c^'toplasni  in  which  usually  there  are  concentric  striae, 
most  prominent  at  the  periphery,  while  the  perinuclear  cytoplasm  is 
granular.  The  nucleus  or  nuclei  are  round  or  broadly  oval,  sometimes 
containing  1  to  3  nucleoli.  In  other  cells  one  or  more  centrosomes,  as 
shown  in  figure  6,  give  evidence  of  active  mitosis. 

Muscle  fibers.  There  are  areas  in  the  tumor  composed  of  long  cells 
with  the  characteristics  of  muscle  fibers.  The  nuclei  are  oval  and 
usually  situated  in  the  median  axis.  The  peripheral  cytoplasm  is 
iibrillated,  but  only  rarely  can  any  cross  striations  be  made  out. 
Some  of  the  fibers  branch. 

Mijxomatous  tissue.  In  several  parts  star-shaped  cells  with  nuclei 
the  size  of  those  seen  in  the  muscle  fibers,  and  fibrils  extending  radially 
from  them,  can  be  seen  separating  the  muscle  fibers,  showing  that 
they  developed  alongside  each  other.  In  other  places,  they  are  the 
only  element  seen  in  large  areas,  giving  the  tumor  a  distinctly  myxo- 
matous appearance. 

Histogenesis.  The  normal  embryology  of  muscle  may  be  taken  as 
a  guide  to  the  anaplastic  process.  Striated  fibers  arise  from  myoblasts 
which  elongate  and  by  repeated  mitotic  division  of  their  nuclei  form  a 
syncytium.  The  nuclei  are  surrounded  by  granular  cytoplasm  in 
which  fibrils  differentiate  peripherally.  The  myofibrils  became  stri- 
ated. The  fillers  increase  in  size  and  the  nuclei  migrate  to  the 
periphery.  Heart  muscle  undergoes  a  similar  development;  but  the 
nuclei  remain  centrally  situated,  sarcolemma  never  develops,  and  the 
individual  syncytia  are  in  connection  with  each  other.  Assuming  that 
the  tumor  arose  in  a  cell  or  group  of  similar  cells  we  might  expect  to 
be  able  to  follow  the  development  till  we  arrive  at  the  picture  given  in 
the  histological  description.  Examining  the  three  elements  of  the 
tumor  it  is  possible  to  discern  such  an  unfolding. 

Giant  cells.  The  giant  cells  as  a  group  show  a  fundamental  error 
in  development;  they  have  failed  to  elongate. 

1.  There  are  giant  cells  which  show  the  extension  of  a  process  in  an 
abortive  development  of  muscle  fiber  (fig.  3). 

2.  There  are  giant  cells  which  never  elongated,  while  in  other 
Tespects,  they  went  through  a  more  or  less  normal  and  complete 
development  (fig.  5). 

3.  There  are  others  which  show  increasing  anaplasia  until  we  come 
to  some  in  which  the  fibrils  lack  definite  order  (fig.  4). 


Fig.  5.  This  Cell  Did  Not  Elongate,  but  in  Other  Respects  It  Went 
Through  a  Complete  Differentiation 
The  fibrils  and  cross  striae  are  shown  as  concentric  and  radial  striae 


Fig.  G.  "Spider  Cell"  in  which  the   Cytoplasm   between  the  Periphery 
and  the  Nuclei  Has  Degenerated  and  Been  Absorbed 
The  perinuclear  cytoplasm  contains  five  centrosomes.     This  cell  occurs  only 
in  cardiac  rhabdomyoma. 

I  am  indebted  to  Mr.  Williani  Dunn  for  the  photographs. 
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4.  Lastly,  there  is  a  oi'^J^ip  of  cells,  some  of  which  resenilile  the 
''spider-cells,"  first  described  by  Cesaris-Demel  in  a  remarkable  tumor, 
a  rhabdomyoma  of  the  heart  (fig.  6).  Others  lie  in  spaces  which  Wol- 
bach  showed  to  be  intracellular.  Seiffert  concluded  that  these  spaces 
were  formed  within  the  peripheral  differentiated  portion  of  the  cell 
by  the  degeneration  and  disappearance  of  the  greater  part  of  the 
remainder  of  the  cytoplasm.  The  histogenesis  of  the  "spider-cells"  is 
similarly  explained. 

The  fact  that  this  type  of  cell  has  been  found  exclusively  in 
rhabdomyoma  of  the  heart,  and  the  fact  that  I  have  found  branch- 
ing in  some  of  the  fibers,  ha\'e  led  me  to  conclude  that  the 
present  tumor  arose  from  heart  muscle.  Katsurada,  among, 
others,  reported  heart  muscle  in  dermoid  cysts.  It  should  be 
added  that  while  sarcolemma  is  occasionally  developed  in 
rhabdomyomas,  it  is  never  found  in  those  of  the  heart.  Also, 
here  as  in  heart  muscle,  the  perinuclear  cytoplasm  remains 
undifferentiated.  Some  writers  have  described  branching  in 
other  rhabdomyomas.  This  may  indicate  that  in  an  anaplastic 
process  such  forms  may  be  evolved,  or  that  these  other  neo- 
plasms had  an  origin  similar  to  the  one  now  being  described. 

The  second  element  of  the  tumor  need  not  long  detain  us. 
The  muscle  fibers  are  descendants  of  cells  which  developed  more 
normally  than  those  heretofore  mentioned. 

There  are  many  cells  which  show  intermediate  stages  of  de- 
velopment between  the  muscle  fibers  and  myxoma  cells.  The 
genesis  of  the  myxoma  is  explained  as  follows:  it  occurred  in  the 
most  rapidly  growing  portion  of  the  tumor,  and,  as  is  well  known, 
parallel  with  an  increasing  rapidity  in  the  multiplication  of  cells 
there  is  a  corresponding  loss  in  differentiation. 

In  this  laboratory  there  are  three  other  rhabdomyomas  with  a 
mucous  element  very  similar  to  the  one  described.  The  litera- 
ture affords  other  cases  in  which  mjrxoma  complicated  an  other- 
wise pure  rhabdomyoma  (Billroth,  Kaschewarowa,  Targett). 
The  possibility  thus  arises  that  with  the  preponderance  of 
myxomatous  tissue  a  rhabdomyoma  may  be  misinterpreted  as  a 
pure  myxoma. 
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In  some  parts  of  the  tumor  surrounded  by  myxomatous 
tissue,  the  nuclei  disappear,  leaving  areas  of  pure  fibrils.  These 
areas  of  fibrils  raise  the  question  of  the  possibility  of  the  multi- 
plication of  fibrils  without  the  corresponding  multiplication  of 
the  myxoma  cells.  An  analogous  condition  seems  to  obtain  in 
neurocytoma,  in  which  a  similar  picture  of  excessive  fibrils  may 
appear.  It  does  not  seem  possible  for  the  multiplication  of 
fibrils  to  take  place  without  the  corresponding  division  of  nuclei, 
but  the  overgrowth  of  fibrils  of  the  individual  cells  is  quite  pos- 
sible. A  similar  overgrowth  of  cytoplasmic  derivatives  is  seen 
in  the  formation  of  epithelial  horn. 

Origin  of  the  tumor.  1.  Having  showTi  that  all  the  elements 
may  be  derived  from  myogenic  cells,  the  next  question  to  be 
considered  is  the  origin  of  the  group  of  cells  from  which  the 
tumor  arose.  In  considering  this  heterologous  neoplasm  we 
may  leave  a  metaplastic  origin  out  of  the  question.  This  leaves 
two  possibilities:  the  tumor  arose  (a)  from  an  embryonal  rest;  or 
(b)  as  a  one-sided  teratoma. 

We  may  safely  eliminate  the  former  possibility.  In  general, 
nothing  is  known  about  embryonal  muscle  rests  in  the  ovary. 
In  particular,  the  organ  is  not  situated  near  striped  muscle  so 
as  to  make  such  a  rest  possible.  This  conclusion  becomes 
more  evident  since  we  are  deaUng  with  cardiac  muscle. 

It  is  an  accepted  fact  that  one  element  of  a  teratoma  may  out- 
grow the  others  (Pick  and  Walthard)  and  that  the  neoplasm 
may  be  represented  by  a  single  tissue.  In  the  case  of  rhabdo- 
myoma this  conclusion  gains  added  strength  when  we  remember 
that  striated  muscle  sometimes  identified  as  cardiac,  is  often 
found  in  teratomas.  It  is  interesting  to  note  that  Cornil  thought 
the  rhabdomyoma  described  by  Vignard,  the  only  case  in  the 
literature  similar  to  the  present  one,  was  a  fetal  inclusion. 

Additional  support  is  found  in  the  occurrence  of  similar 
tumors  in  an  analogous  organ.  Rhabdomyoma  testis  is  admit- 
tedly of  teratomatous  origin. 

2.  Since  the  teratomatous  origin  is  the  only  one  which  will 
explain  the  rhabdomyoma  it  is  necessary  to  determine  in  what 
manner  the  teratoma  arose,  and  again  there  are  two  possibilities; 
it  arose  either  from  a  sex  cell  or  from  a  twin  inclusion. 
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In  the  ovary,  where  there  are  totipotent  sex  cells,  it  may  s^eem 
unnecessary  to  seek  further  for  the  origin  of  the  teratoma.  The 
commonly  accepted  explanation  is  the  parthenogenetic  develop- 
ment of  this  cell.  This  view  point  is  open  to  criticism  because 
mammaUan  ova,  with  the  exception  of  one  series  reported  by  L. 
Loeb,  have  never  been  observed  to  develop  parthenogenetically 
and  then  continue  a  separate  existence.  Loeb,  himself,  claims 
little  vitality  for  these  ova,  while  Handler  and  Wendeler 
quote  other  investigators  to  the  effect  that  ova  which  undergo 
such  a  development  invariably  end  in  complete  degeneration. 

On  the  other  hand,  the  twin  inclusion  theory  has  a  basis  in 
experiments  recently  performed  by  Stockard.  By  slowing  the 
rate  of  development  of  fish  embryos  at  the  time  when  the  pri- 
mary bud  should  arise,  two  or  more  buds  may  develop  simul- 
taneously. The  degrees  of  doubleness  of  the  resulting  individual 
is  determined  by  the  distance  between  the  two  buds  on  the 
blastodisc.  At  180°,  that  is  diametrically  opposite  each  other, 
two  complete  individuals  are  formed. 

When  one  bud  gets  the  start  of  the  other  by  any  advantage 
it  obtains  a  supremacy  which  allows  it  to  develop  into  a  perfect 
individual.  The  component  arising  from  the  inferior  bud  is 
suppressed  and  interfered  with  so  that  it  develops  abnormally. 
The  twins  are  attached  anteriorly  in  the  head  and  neck  region, 
or  posteriorly,  the  great  majority  of  them  in  the  latter  situation. 
There  are  all  degrees  of  this  inhibition  of  the  second  twin  until 
it  is  reduced  to  a  mere  fragment  of  included  tissue.  The  point 
made  by  Stockard  is  that  human  monsters  have  been  born 
which  show  exactly  the  same  relation  to  each  other,  as  above 
described.  Monsters  attached  superiorly  on  the  head,  neck, 
or  upper  thorax,  or  inferiorly  near  the  sacrum,  or  anteriorly  in  the 
ventral  region,  can  be  traced  in  an  unbroken  series  until  the 
inhibited  twin  is  represented  by  a  teratoma  or  dermoid. 

On  the  basis  of  these  experiments  it  is  possible  to  explain  the 
presence  and  frequency  of  rhabdomyomas  in  the  regions  given 
in  the  first  part  of  the  paper,  that  is,  9  superiorly  in  the  neck 
region,  43  inferiorly  in  the  pelvic  region. 
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No  facts  have  been  brought  forth  to  disprove  the  twin  inclu- 
sion theory.  However,  there  are  two  questions  which  need  fur- 
ther discussion.  The  first  is  the  great  frequency  of  teratomas  in 
the  sex  glands;  and  the  second,  the  occurrence  of  chorioma  in 
males  and  in  females  at  such  a  time  as  to  shut  out  the  possi- 
bihty  of  impregnation.  These  phenomena  can  be  explained  by 
the  twin  inclusion  theory. 

Bonnet  remarked  the  fact,  in  defending  the  theory  of  the  origin 
of  teratoma  from  an  independent  blastomere,  that  if  a  blastomere 
should  separate  from  the  remainder  of  the  blastula,  the  organ  to 
which  it  would  be  most  likely  to  attach  is  the  mesonephros. 

For  a  long  time  the  mesonephros  is  the  largest  organ  in  the 
abdominal  cavity.  It  is  the  most  vascular.  Later  the  meso- 
nephros siu-vives  as  functional  and  vestigial  parts  of  the  genital 
system;  in  the  male,  the  efferent  ducts,  the  paradidymis,  epi- 
didymis and  vas;  in  the  female  the  paroophoron,  parovarium,  and 
Gartner's  ducts. 

If  the  twin  were  attached  to  the  mesonephros,  we  should  ex- 
pect to  find  it  adherent  in  the  testis  to  the  mesonephric  tubules 
which  join  those  of  the  sex  gland.  This  is  actually  the  case,  for 
Ewing  in  his  paper  on  teratoma  testis  points  out  that  almost 
invariably  the  neoplasm  arises  in  the  neighborhood  of  the  rete. 
We  can  explain  those  which  occur  in  the  scrotum  external  to 
the  tunica  albuginea  by  the  accidental  attachment  to  other 
portions  of  the  mesonephros.  Bandler  has  made  an  attempt  to 
explain  teratoma  as  a  development  of  the  paroophoron.  We  now 
see  that  while  it  does  arise  from  this  region  it  is  not  a  develop- 
ment from  this  organ,  but  is  rather  attached  to  it. 

The  position  of  teratoma  is  explained  by  the  organogenesis 
of  the  sex  glands  in  w^hich  the  mesonephros  plays  such  a  promi- 
nent part.  This  accounts  for  most  teratomas  attached  anterior 
to  the  pelvis.  It  explains  the  39  rhabdomyomas  found  in  the 
genitourinary  system.  The  other  four,  being  situated  poste- 
riorly, were  not  able  to  become  adherent  to  the  mesonephros. 
From  these  facts  arises  the  thought  that  many  simple  tumors  of 
the  ovary  may  be  of  teratomatous  origin.    Ewing  has  come  to 
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the  conclusion  that  practically  all  common  tumors  of  the  testis 
are  of  similar  origin. 

In  taking  up  the  question  of  chorioma,  we  may  again  turn 
to  an  observed  fact.  Up  to  the  present  time  nobody  has  been 
able  to  cause  the  spermatozoa  of  any  species  to  develop  into  an 
embryo.  How  then  can  we  explain  chorioma  testis  except  as  an 
early  inhibited  twin  with  the  predominance  of  this  single  chori- 
onic tissue? 

Boestrom  reported  a  case  of  chorioma  with  multiple  meta- 
stases throughout  the  body  in  which  the  testicles  were  normal. 
Djewitski  recorded  a  case  of  chorioma  of  the  bladder  in  a  virgin, 
seventy-five  years  old.  Surely  rather  late  for  the  partheno- 
genetic  development  of  an  ovum,  but  not  against  the  growth 
of  a  long  repressed  twin.  The  facts  of  extragenital  chorioma 
can  be  explained  best  as  a  twin  inclusion.  The  relations  between 
the  two  components  is  such  that  with  the  growth  of  one  there  is 
an  inhibition  of  the  other.  The  rate  of  development  of  the  host 
after  birth  is  much  retarded,  and  the  repressed  component  is 
given  the  required  opportunity  to  grow.  This  explains  why  the 
majority  of  teratomas  begin  their  growth  in  early  life  rather 
than  during  the  longer  adult  period.  Senile  atrophy  of  the 
host  gives  the  parasite  a  last  chance  for  development. 

Causal  genesis.  The  frequency  of  teratoma  testis  after  trauma 
is  well  known.  This  may  not  only  directly  precipitate  the  rapid 
growth,  but  indirectly,  by  lowering  the  vitality  of  the  organ, 
give  the  long  repressed  twin  inclusion  the  temporary  advantage. 
The  real  causal  genesis  lies  in  the  potential  energy  for  growth 
constantly  waiting  a  chance  for  expression.  Further,  that  the 
growth  should  be  autonomous  is  the  only  possibility  in  tissues 
which  have  been  so  disorganized.  This  may  be  capable  of 
experimental  verification. 

To  sum  up  the  points  of  the  theory  of  the  twin  inclusion: 
It  is  based  on  observed  facts  and  therefore  can  give  a  true  casual 
genesis.  It  explains  the  position  and  frequency  of  teratomas,  in 
the  sex  glands  as  well  as  elsewhere  in  the  body,  obviating  the 
necessity  for  multiple  explanations  for  teratomas.  The  theory 
holds  for  all  one-sided  teratomas. 
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The  possibility  of  new  evidence  in  favor  of  any  other  explana- 
tion for  the  frequency  of  teratomas  in  the  sex  glands  will  not  dis- 
prove the  twin  inclusion  theory,  but  will  be  complementary  to  it. 
Likewise  the  theory  holds  independently  of  the  method  of  the 
formation  of  the  twin. 

According  to  the  theory  of  twin  inclusion,  the  complete 
sequence  of  events  is  as  follows:  an  ovum  is  fertilized;  through 
some  unfavorable  condition  the  rate  of  development  is  slowed; 
two  primary  embryonic  buds  are  formed  on  the  blastodisc,  one 
having  the  advantage  over  the  other.  The  favored  bud  de- 
velops into  a  perfect  individual,  during  which  process  the 
smaller  bud  is  inhibited  and  disorganized.  The  latter,  being 
united  to  the  more  vigorous  component  at  its  ventral  region, 
becomes  adherent  to  the  mesonephros;  hence,  later  it  forms  a 
part  of  the  ovary.  With  the  birth  of  the  child  and  its  conse- 
quent diminished  rate  of  development,  the  inhibited  twin  is 
given  a  new  opportunity  to  grow.  Through  its  previous  disor- 
ganization it  is  not  capable  of  orderly  development.  The  heart 
muscle  grows  more  rapidly  and  succeeds  in  crowding  out  the 
other  elements.  The  growth  gains  in  momentum,  and  myxoma 
cells  are  formed  which  have  no  resemblance  to  the  earher  muscle 
cells. 

SUMMARY 

The  case  described  is  one  of  rhabdomyoma  of  the  ovary  in  an 
infant. 

Three  elements  arose  from  one  tissue  by  (a)  histogenesis 
more  or  less  normal;  (b)  anaplastic  development;  (c)  degenerative 
changes.  Although  only  one  tissue,  cardiac  muscle,  is  present, 
the  tumor  is  of  teratomatous  origin.  Many  simple  tumors  of 
the  ovary  are  probably  of  similar  origin.  Many  timiors  of  the 
head,  neck,  thorax,  and  genitourinary  and  posterior  pelvic 
regions  are  of  teratomatous  origin.  This  group  includes  the 
great  majority  of  heterologous  and  some  of  the  homologous 
neoplasms. 

Teratoma  is  a  twin  inclusion.  A  group  of  cells  is  found  in 
this  tumor  which  appears  only  in  rhabdomyoma  of  the  heart. 
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Therefore,  the  present  tumor  is  a  rhabdomyoma  of  the  heart  of  a 
twin  inclusion.  Fibrils  may  be  produced  in  such  overabun- 
dance as  to  lose  connection  with  their  nuclei  and  seem  to  be 
multiplying  independently.  Myxoma  may  be  secondary  to 
rhabdomyoma. 

I  wish  to  thank  Dr.  Stockard  and  Dr.  Ewing  for  help  in  the 
preparation  of  this  paper. 
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The  great  accumulation  of  reported  cases  of  teratomas  offers 
an  excellent  opportunity  to  review  the  data,  with  the  object  of 
investigating  the  relation  of  their  frequency  to  the  age  of  the 
host.  In  the  course  of  the  study,  it  has  become  apparent  that 
this  relationship  is  so  definite  as  to  assume  the  form  of  a  gen- 
eral law. 

The  largest  collections  of  teratomas  were  gathered  by  Taruffi 
and  Ahlfeld.  Both  of  these  observers  stressed  the  large  con- 
genital forms  which  are  situated  in  the  head,  the  thoracic,  the 
abdominal,  or  the  sacral  regions.  Gonadal  teratomas  occur 
most  frequently  in  early  adult  hfe  (Wilms).  Among  others, 
Askanazy  investigated  the  internal  craniopagi,  and  Ekehorn, 
the  internal  thoracopagi.  Lexer  and  Nakayama  studied  the 
abdominal  inclusions  and  pygopagi. 

Though  many  hypotheses  have  been  advanced  on  the  origin 
of  teratomas,  they  may  be  resolved  into  two  view  points:  The 
teratoma  is  either  the  offspring  or  the  twin  of  its  host.  Stockard 
has  recently  produced  experimental  evidence  in  favor  of  the 
latter  conception. 

CRITERIA  AND  METHODS  OF  STUDY 

Two  precautions  have  been  observed  in  compihng  the  present 
statistics:  (1)  Only  growths  of  tridermal  or  bidermal  origin 
have  been  considered.  No  such  case  has  been  omitted.  (2) 
Special  effort  has  been  exerted  to  determine  the  age  at  which 
the  teratoma  began  its  growth.  The  first  increase  in  size  of 
external    growths    may    be    accurately    observed.     For  those 
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situated  internally,  the  initial  symptom  was  used  as  an  indicator. 
Where  the  history  was  deficient,  the  age  at  which  the  operation 
took  place  or  at  which  death  occurred  was  taken  as  the  closest 
approximation  obtainable.  The  last  criterium  particularly 
applies  to  the  teratomas  of  the  aged.  In  this  manner  895  cases 
have  been  studied.  Sometimes  a  period  of  slow  growth  is 
followed  by  one  of  heightened  activity.  Such  is  the  case  of 
chorioma  testis  reported  by  Jackson,  in  which  growth  commenced 
at  the  age  of  twenty  and  slowly  continued  to  twenty-three, 
after  which  the  increase  in  size  became  extremely  rapid.  Since 
the  relationship  between  the  growth  of  the  host  and  that  of  the 
teratoma  is  of  interest,  in  such  cases,  the  beginnings  of  both 
periods  have  been  noted.  A  similar  effort  was  made  for  internal 
teratomas,  thus  bringing  the  total  number  of  growths  tabulated 
to  975. 

In  systematizing  the  results  it  was  noted  that  though  the 
variation  from  year  to  year  is  considerable,  there  seems  to  be 
an  orderly  waxing  and  waning  of  the  number  of  cases  to  an 
extent  which  justifies  the  drawing  of  a  curve.  An  average  has 
been  drawn  in  order  to  minimize  accidental  variation.  Six 
year  periods  have  been  chosen  because  they  are  the  longest 
which  correspond  to  actual  changes  throughout  the  length  of 
the  curve.  The  first  period  begins  at  fertilization  and  ends  at 
five.  In  the  curves  which  are  drawn  to  a  scale  of  one-half, 
the  abscissae  represent  the  age  of  the  host  when  the  tumor  began 
its  growth,  the  ordinates  the  number  of  cases  in  each  year. 

THE  CURVE  FOR  ALL  TERATOMAS 

After  an  initial  maximum  rise,  the  curve  falls  and  remains 
low  from  five  to  eleven  years  (fig.  1).  At  eleven  it  achieves  a 
higher  level,  which  is  increased  at  seventeen  and  twenty-three 
years.  The  second  maximum  is  found  between  twenty-three 
and  twenty-nine  years.  The  curve  falls  gradually  at  twenty-nine 
and  thirty-five  years,  and  then  more  rapidly  at  forty-one,  after 
which  it  becomes  progressively  lower  towards  its  end  at  seventy- 
six  years.  Eighty-seven  per  cent  of  the  teratomas  occur  before 
forty-one  years  and  95  per  cent  before  fifty-three. 
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Most  congenital  teratomas  do  not  evince  postnatal  growth  and 
since  this  study  concerns  only  those  which  do  grow,  for  the  early 
maximal  total  may  be  substituted  the  smaller  number  of  tumors, 
showing  power  for  growth,  represented  by  the  lower  broken 
line  in  the  graph.  With  this  correction  the  highest  point  in  the 
curve  is  found  between  twenty-three  and  twenty-nine  years. 
This  is  borne  out  by  Wilms  who  finds  the  period  of  greatest 
frequency  for  sex-gland  teratomas  to  be  between  the  ages  of 
twenty  and  thirty  years.  His  conclusion  is  to  be  expected 
because  teratomas  occur  most  frequently  in  sex  glands. 


Fig.  1.  Curve  for  all  Teratomas 

The  abscissae  stand  for  the  years  of  appearance  of  growths,  the  ordinates  for 
the  number  in  each  year.  Both  are  drawn  to  a  scale  of  one-half.  The  total 
number  of  congenital  tumors  is  not  shown.  The  dash  line  indicates  the  average 
for  each  six-year  period.  In  the  first  six  years  there  are  two;  the  upper  one 
stands  for  all  cases,  the  lower  for  those  which  had  power  of  postnatal  growth. 
The  mode  is  from  twenty-three  to  twenty-nine,  the  time  when  growth  stops. 


STUDY   OF   THE    CORRECTED    CURVE 

There  are  three  aspects  of  the  described  phenomenon:  First, 
it  is  evident  that  the  total  number  of  teratomas  at  any  age 
increases  with  the  actual  growth  of  the  individual.     As  size 
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increases,  the  total  number  of  teratomas  increases.  But  it 
must  be  remembered  that  while  size  is  increasing,  growth  rate 
is  falling.  Therefore,  second,  teratomas  become  more  frequent 
as  growth  slows  down,  at  the  time  when  growth  potential  be- 
comes smaller.  Growth  must  be  recognized  as  involving  two 
elements:  increasing  actual  proportions,  and  decreasing  growth 
potential.  Hence,  third,  the  total  number  of  teratomas  at  any 
age  increases  as  growth  potential  diminishes. 

When  one  recalls  the  fact  that  the  changes  in  growth  rate 
are  not  constant,  the  number  of  teratomas  is  seen  to  bear  even  a 
closer  relationship  to  the  growth  of  the  hosts  than  has  been 
indicated.  Not  only  do  these  tumors  appear  as  growth  of  the 
host  slows,  but  during  their  time  of  appearance  the  teratomas 
are  more  frequent  in  the  periods  of  slower  growth  of  the  host. 
Teratomas  are  common  in  early  infancy  following  a  space  of  the 
most  rapid  proliferation  of  all — fetal  growth.  They  increase 
again  when  the  comparatively  rapid  growth  rate  of  early  child- 
hood gives  way  to  the  slower  one  of  pubescence  and  lastly  they 
are  found  in  greater  numbers  as  active  growth  gradually  ceases. 

To  explain  the  relative  number  of  teratomas  appearing  in  the 
several  periods  we  must  take  into  consideration  an  additional 
factor,  the  growth  potential  of  the  embryonal  rest,  for  a  teratoma 
by  most  theories  arises  in  an  embryonal  rest  of  some  kind.  It 
is  known  that  the  great  majority  of  embryonal  rests  do  not  grow; 
they  either  degenerate  or  remain  dormant.  Others  achieve  a 
more  or  less  perfect  adult  growth,  while  a  few  develop  into  tumors. 
Tridermal  rests  act  in  a  similar  manner.  Thus  we  have  a  few 
with  high  growth  potential,  many  with  less  capacity  for  growth, 
and  finally  others  which  remain  latent  unless  they  are  stirred 
to  development  by  an  external  stimulus. 

During  the  first  six  years  of  hfe  the  growth  rate  of  the  host 
declines  rapidly,  his  growth  potential  is  greatly  reduced,  and 
the  number  of  tet^atomas  of  relatively  higher  potential,  capable 
of  proliferation,  is  comparatively  large.  From  five  to  eleven 
years  the  growth  rate  is  fairly  constant,  the  loss  of  potential  is 
small,  and  the  additional  number  of  teratomas  released  is  few. 
The  next  appreciable  change  takes  place  during  the  differentia- 
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tion  occurring  at  puberty  and  accompanying  the  maturation 
of  the  sex  organs.  Here  the  number  of  teratomas  begins  to 
increase  and  continues  to  do  so  until  growth  finally  stops,  at 
which  time  the  greatest  number  of  teratomas  make  their  pres- 
ence known.  Although  the  loss  of  growth  potential  in  the  host 
becomes  smaller,  being  least  in  the  final  period  from  twenty- 
three  to  twenty-nine  years,  yet  just  because  growth  itself  is 
slow",  there  is  an  ever  increasing  number  of  embryonal  rests  of 
low  potential,  capable  of  expressing  their  latent  growth  energy. 
The  very  inactive  rests  even  at  this  period  do  not  have  sufficient 
energy  to  start  growth  spontaneously  and  are  therefore  consid- 
ered in  another  group  at  a  later  time.  However,  they  may  serve 
as  a  nidus  for  neoplasms  since  many  do  commence  development 
after  the  growth  of  the  host  has  stopped. 

Thus  the  number  of  teratomas  appearing  at  any  given  time 
depends  upon  the  amount  of  loss  in  growth  potential  of  the 
hosts  during  that  time  and  the  number  of  rests  whose  potential 
is  large  enough  to  proliferate  under  these  conditions.  Evidently 
the  number  of  teratomas  in  any  period  varies  inversely  to  the  growth 
potential  of  the  hosts  and  directly  as  that  of  the  embryonal  rests. 

ANALYSIS  OF  CURVES  OF  AGE  INCIDENCE  OF  TERATOMAS  IN  THE 
DIFFERENT  LOCATIONS 

The  object  of  this  study  is  to  show  the  relation  to  the  general 
law  of  the  occurrence  of  teratomas  in  the  various  situations. 

Thoracopagi.  Ekehorn  in  his  collection  of  teratomas  of  the 
anterior  mediastinum  finds  fifteen  cases  occurring  between  the 
ages  of  twenty  and  thirty,  four  between  thirty  and  forty  years, 
and  four  more  to  sixty,  thus  agreeing  with  the  present  curve  in 
showing  the  maximum  occurrence  from  twenty-three  years  to 
twenty-nine. 

Abdominal  inclusions.  The  abdominal  tridermal  growths 
are  frequently  discovered  at  birth  but  continue  to  be  found 
throughout  life,  with  a  second  rise  from  twenty-three  to  twenty- 
nine  years. 

Craniopagi  and  pygopagi.  There  is  not  a  sufficiently  large 
number  of  head  and  sacral  teratomas  to  yield  reliable  statistics. 
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Statistics  of  various  authors.     They  shoiv  a  close  agreement  with  original  statistics 
here  presented.     Note  increased  number  of  dermoids  during  'pubescence 
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Inclusions  according  to  age  and  situation.     Those  which  are  capable  of  growth  appear 
in  greater  number  from  twenty-three  years  to  twenty-nine  years 
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Most  are  congenital.  The  internal  craniopagi  occur  most 
frequently  from  eleven  to  twenty-seven  years.  The  only  year 
where  there  is  more  than  one  case  is  the  nineteenth,  where 
there  are  two.  The  last  teratoma  capable  of  spontaneous  growth 
appeared  at  twenty-seven.  The  later  examples  of  sacral  tera- 
tomas are  even  rarer  than  those  occurring  in  the  head.  There 
is  one  each  at  ten  and  thirteen  years  and  four  from  nineteen  to 
twenty-three. 

Ovarian  teratomas.  Turning  next  to  the  gonadal  teratomas 
and  comparing  the  testicular  and  ovarian  curves,  we  see  that 
the  latter  is  less  variable  (fig.  3).  This  is  due  to  the  delayed 
diagnosis  of  so  many  of  the  ovarian  teratomas,  probably  because 
of  their  slow  growth,  as  their  structure  is  often  of  the  adult  type. 
Their  internal  position  further  postpones  their  discovery,  yet 
dermoids  are  sometimes  found  by  accident.  Nevertheless, 
the  largest  number  of  tumors  occurs  between  the  ages  of  twenty- 
three  and  twenty-nine.  From  a  review  of  one  hundred  and 
three  cases  Pauli  finds  dermoids  appearing  most  often  from 
twenty  to  thirty  years. 

Another  difference  between  the  ovarian  and  testicular  curves 
is  the  greater  rise  in  the  former  in  the  two  periods  between 
eleven  and  twenty-three  years.  This  phenomenon  might  be 
expected  as  a  result  of  the  growth  differences  since,  in  the  male, 
postpubescent  growth  is  more  rapid  than  in  the  female. 

Teratoma  testis.  The  external  situation  of  the  male  sex  gland 
allows  prompt  discovery  of  its  tumors.  Although  the  greatest 
decline  in  rate  of  growth  occurs  early  in  life  from  birth  to  four 
years  and  the  number  of  testicular  teratomas  at  this  time  is 
large,  the  maximum  number  nevertheless  occurs  at  a  later  period. 
This  is  probably  due  to  the  fact  that  growth  under  four  years  is 
comparatively  very  rapid  in  spite  of  its  fast  declining  rate.  The 
modal  year  of  the  curve  is  twenty-six.  It  is  interesting  to  note  that 
the  last  growth  cartilage  of  the  long  bones  ossifies  at  twenty-five. 

Teratomas  in  the  testes  commence  growth  most  frequently 
between  the  ages  of  twenty-three  and  twenty-nine  years.  Che- 
vassu  finds  the  maximum  between  twenty  and  thirty  years 
(fig.  2). 


268  H.    E.    HIMWICH 


TERATOMAS    OF    LATER    LIFE 


After  establishing  the  time  of  greatest  frequency  of  teratomas, 
it  still  remains  to  account  for  those  of  old  age.  Those  diagnosed 
after  the  age  of  fifty-one  may  be  divided  into  two  groups.  The 
first  consists  of  neoplasms  of  adult  structure  which  had  reached 
the  limits  of  their  capacity  for  post-natal  growth,  while  those  of 
the  second  are  more  malignant.  To  the  first  group  belong  such 
tumors  as  the  following: 

Craniopagi.  Beck  reports  a  case  in  which  a  dermoid  was 
found  at  autopsy  in  place  of  the  hypophysis  in  a  woman  seventy- 
four  years  of  age.  Eberth  reports  a  similar  accidental  finding 
beneath  the  dura  in  a  woman  of  seventy-five. 

Thoracopagi.  There  are  two  examples  in  Ekehorn's  collec- 
tion— Finder's  case  of  a  patient  with  bulbar  paralysis,  aged  fifty- 
three,  in  whom  the  dermoid  was  discovered  at  autopsy;  and 
Lebert's  of  a  man  of  sixty  who  had  been  dyspneic  since  his  six- 
teenth year. 

Abdominal  inclusions.  Rizzoli  (Taruffi)  reports  two  cases 
of  late  abdominal  inclusions,  one  at  sixty,  the  other  at  sixty-two. 
Symptoms  had  been  present  for  a  long  time  in  both.  In  one 
of  the  cases  they  appeared  first  at  the  age  of  twenty. 

The  tumors  mentioned  thus  far  were  benign,  though  some 
produced  symptoms  because  of  their  size  and  position. 

In  the  second  group  of  neoplasms  the  element  of  trauma  be- 
comes important  in  the  etiology.  There  is  Bonney's  report  of  a 
retroperitoneal  chorioma  of  a  man  of  sixty-seven,  and  Goebell's 
of  an  abdominal  teratoma  that  became  malignant  at  fifty-four, 
twenty-seven  years  after  a  mass  had  been  diagnosed.  Djewitski 
reports  a  chorioma  of  the  bladder  which  first  gave  symptoms 
at  the  age  of  seventy-three.  The  same  irritation  which  produces 
a  papilloma  of  the  bladder  may  transform  an  otherwise  benign 
embryonal  rest. 

Pygopagi.  Hudson  describes  a  sacral  teratoma  which  began 
growth  at  the  age  of  fifty-two;  the  history  shows  that  a  nodule 
had  existed  in  that  region  since  the  birth  of  the  patient.  The 
histological  picture  is  one  of  a  tridermal  rest  with  cancerous 
degeneration  of  mucous  glands.     It  is  similar  to  an  old  age 
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cancer  arising  in  previously  normal  tissue.  Evidently  in  the 
last  four  cases  it  is  not  growth  potential  of  the  embryonal  rest 
but  an  extrinsic  traumatic  influence,  to  which  every  part  of  the 
body  is  subject,  that  caused  the  proliferation  of  cells.  A  case 
of  Briddon's  beautifully  illustrates  both  these  factors  occurring 
in  the  same  growth  but  independently  and  at  different  times.  It 
concerns  a  sacral  dermoid  which  appeared  externally  at  the  age 
of  twenty-two  and  then  ceased  growth  till  the  fifty-second  year, 
when  it  underwent  epitheliomatous  change. 

Teratoma  testis.  There  are  three  examples  of  late  teratoma 
testis.  Lexer  quotes  one  from  v.  Bergmann's  cUnic  in  a  man  of 
sixty.     On  section  the  growth  was  of  adult  structure. 

Ewing  and  Pepere  report  cases  which  first  showed  growth  at 
the  ages  of  sixty-one  and  sixty-three,  respectively.  The  micro- 
scopic examination  in  both  instances  showed  carcinomatous 
change  of  one  element  in  a  totipotent  rest. 

Ovarian  teratomas.  Of  thirty-two  dermoids,  thirteen  exhibited 
malignant  transformation  of  a  carcinomatous,  sarcomatous,  or 
endotheliomatous  type.  Four  showed  thyroid  structure,  of 
which  three  were  rapidly  growing  tumors.  In  six  reports  de- 
tails were  lacking.  However,  since  the  growths  were  called 
dermoids,  their  structure  must  have  been  of  the  adult  type, 
like  that  of  the  remaining  nine  inclusions. 

To  summarize,  the  late  appearance  of  stationary  teratomas  is 
due  to  their  delayed  discovery,  while  that  of  growing  teratomas 
is  caused  by  their  injury. 

Carcinoma  testis.  Carcinoma  testis  is  discussed  in  this  place 
not  only  for  its  possible  teratomatous  origin,  but  because  trau- 
matic etiology  Hnks  it  with  the  tumors  of  later  life.  In  many  cases 
of  teratoma  testis  in  young  people  the  transformation  of  a  slowly 
into  a  more  rapidly  growing  tumor  is  caused  by  trauma.  In 
older  people  the  growth  is  rapid  from  the  start.  The  same  se- 
quence of  events  obtains  for  carcinoma  testis.  The  cell  of 
many  cases  of  carcinoma  testis  is  characteristic,  with  a  large 
nucleus  and  clear  cytoplasm.  Sometimes  the  growth  is  called 
a  sarcoma;  the  difference  in  opinion  is  due  to  the  fact  that  no 
analogous  cell  is  found  in  the  human  body.     This  same  cell  is 
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often  found  with  teratoma  testis.  There  are  only  two  probable 
interpretations:  (1)  The  irritation  caused  by  some  extrinsic 
factor,  in  this  special  case,  by  the  teratoma  on  the  tubule  cells, 
is  the  cause  of  carcinoma.  (2)  The  unique  type  of  cell  is  of 
teratomatous  origin.  Chevassu  takes  the  position  that  it 
develops  from  the  adult  spermatogonia,  putting  the  tumor  in 
the  class  of  acquired  carcinomas.  The  final  convincing  link 
in  the  chain  of  evidence  has  not  been  produced,  for  he  has  not 
been  able  to  trace  the  steps  of  anaplastic  change  from  the  sperma- 
togonia to  the  carcinoma  cell. 

It  has  been  definitely  established  that  the  cell  which  is  of  more 
rapid  growth  will  often  overrun  and  may  finally  crowd  out  alto- 
gether the  other  constituents  of  the  tumor.  Thus  arise  the 
rhabdomyomas,  the  chondromas — the  simple  tumors  of  the 
sex  glands.  In  this  uncontrolled  competition  the  most  embryonal 
type  of  cell  would  have  a  decided  advantage.  Therefore  Ewing 
concludes  that  carcinoma  testis  is  a  one-sided  teratoma.  In 
the  light  of  the  foregoing  it  is  interesting  to  see  to  which  of  these 
two  theories  the  carcinoma  curve  lends  itself. 

According  to  Chevassu's  statistics  embryomas  occur  with 
greatest  frequency  from  twenty-five  to  thirty  years  and  semino- 
mas from  thirty-five  to  forty  (fig.  2).  The  writer's  review  of  a 
larger  number  of  cases  coincides  with  the  data  of  Chevassu,  the 
modes  occuring  from  twenty-three  to  twenty-nine  years  in  the 
teratomas  and  thirty-five  to  forty-one  years  in  the  carcinomas. 

Comparing  the  carcinoma  testis  curve  with  that  of  all  cancer 
(Hoffman^),  of  which  the  congenital  cases  are  too  small  a  propor- 


^  Mortality  from  cancer  throughout  the  United  States  Registration  Area, 
organs  and  all  parts.     1903-1912.     (Hoffman,  The  Mortality  from  Cancer.) 
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tion  materially  to  alter  the  general  outline,  we  see  that  the  former 
has  no  resemblance  to  the  latter,  for  in  that  case  it  would  have 
a  continuous  rise  to  some  time  after  sixty.  In  brief,  the  carcinoma 
testis  curve  is  the  teratoma  testis  curve  with  the  mode  slightly 
shifted. 

Since  the  histogenesis  of  carcinoma  testis  has  not  been  traced 
from  either  embryonal  or  adult  tubule  cells,  it  is  probable  that 
carcinoma  testis  is  of  nontesticular  origin,  and  since  there  is  no 
reason  why  misplaced  cells  should  so  often  be  of  the  same  type 
or  occur  so  frequently  with  teratomas,  unless  they  are  of  tera- 


FiG.  2.  Testicular  Teratomas 

The  lower  two  curves  are  reproduced  from  Chevassu's  paper.  The  con- 
tinuous line  represents  the  teratomas;  the  dash  line,  the  carcinomas.  In  order 
better  to  compare  the  new  curves  with  those  of  Chevassu,  the  number  of  tera- 
tomas in  each  year  was  divided  by  four,  and  that  of  carcinomas  by  two.  Both 
curves  are  plotted  on  a  basis  of  ten-year  periods. 

tomatous  origin,  we  are  forced  to  this  conclusion  towards  which 
the  study  of  the  curve  gives  additional  evidence.  Similarly  to 
teratoma  testis,  carcinoma  may  show  a  congenital  increase  in 
the  size  of  the  organ.  Morestin  (Chevassu)  reports  such  a  tumor, 
which  assumed  malignancy  at  the  age  of  thirty-seven.     Like- 
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wise  carcinoma  occurs  more  often  in  undescended  testicles.  It 
begins  its  growth  in  the  rete  and,  hke  teratoma  testis,  is  occa- 
sionally observed  in  pseudohermaphrodites. 

Ovarian  tumors.  The  origin  of  primary  tumors  of  the  ovary 
is  so  undecided  that  any  data  in  reference  to  them  is  of  particular 
interest.  Here  we  shall  mention  a  few  facts  in  regard  to  one  of 
these  tumors  which  may  be  of  teratomatous  origin,  i.e.,  the 
sarcoma. 

Ewing  divides  these  sarcomas  into  three  main  types:  (1) 
spindle  cell;  (2)  round  cell;  (3)  myxoma  cell.  This  classification 
is  of  special  significance  since  just  such  types  of  sarcomatous  de- 
generation of  dermoids  have  been  observed  (Debucy). 


Fig.  3.  Ovarian  Teratomas 

These  curves  are  averages  for  six  year  periods  drawn  to  a  scale  of  one-half. 
The  continuous  line  represents  the  teratomas  with  the  mode  from  twenty-three 
to  twenty-nine  years;  the  dash  line  the  carcinomas  with  the  mode  from  eleven  to 
seventeen  years,  the  period  of  pubescence. 

Desurmont  finds  that  the  different  primary  tumors  are  bilateral 
to  varying  degrees.  However,  sarcomas,  25  per  cent,  and  der- 
moids, 20  per  cent  (Pauli) ,  approximate  each  other  quite  closely. 

Finally,  the  most  common  tumor  of  infancy  is  the  sarcoma, 
which  is  most  frequent  at  fifteen  years  (Donhauser).  Cordier 
and  Zangemeister  give  fifteen  and  twenty  years,  respectively, 
as  the  age  of  most  common  occurrence  of  sarcomas.  They  are 
found  from  fifteen  years  to  twenty-five  and  from  forty  years  to 
fifty  (Desurmont),  both  periods  of  physiological  stimulation. 
The  writer  finds  the  mode  of  the  combined  carcinoma  and  sar- 
coma curve  at  fifteen  years  (fig.  3).  Comparing  the  mode  of 
this  curve  with  that  of  ovarian  teratomas,  we  find  that  it  has 
been  shifted  forward  to  the  time  of  pubescence.  Hence  there  is 
a  group  of  embryonal  cell  tumors  having  an  age  incidence  simi- 
lar to  teratomas,  and  becoming  malignant  under  the  stimulation 
of  puberty. 
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FACTORS  IN  THE  ETIOLOGY  OF  TERATOMAS 

The  growth  of  the  earher  teratomas  may  be  adequately  ex- 
plained on  the  basis  of  a  growth  competition  between  the  host 
and  the  embryonal  rest.  But  even  in  the  teratomas  of  infancy 
another  factor,  trauma,  may  be  present.  It  becomes  increasingly 
important  later  on. 

Growth  potential.  The  growth  of  the  host  inhibits  that  of  the 
teratoma. 

The  growth  of  the  embryonal  rest  may  be  divided  into 
two  parts :  its  prenatal  development,  or  growth  which  continues 
until  stopped  by  the  inhibition  produced  by  the  excessive 
growth  of  the  host;  and  the  growth  of  which  it  is  still 
capable  (growth  potential)  after  that  of  the  host  slows  down 
or  ceases.  These  two  parts  are  in  reciprocal  relation  to  each 
other.  The  earlier  the  prenatal  inhibition,  the  smaller  and  less 
differentiated  will  be  the  inhibited  rest  but  the  greater  will  be 
the  remaining  growth  potential.  Small  embryonal  rests  may 
develop  proliferative  powders  while  large  ones,  which  achieve  a 
certain  intrauterine  development,  seldom  if  ever  show  further 
capacity  for  spontaneous  growth. 

Trauma.  The  shift  in  the  mode  of  the  curve  of  carcinoma 
testis  from  tw^enty-three  to  twenty-nine  years  to  thirty-five  to 
forty-one  years  is  due  to  an  external  stimulus. 

In  spite  of  the  larger  growth  potential  of  the  smaller  testicular 
rests  many  do  not  achieve  malignancy  until  their  immediate 
region  is  traumatized.  This  is  illustrated  on  comparing  these 
tumors  in  the  testicle  and  the  ovary.  A  larger  proportion  of 
the  latter  are  benign,  forming  adult  structures.  The  chief 
difference  in  their  histories  is  due  to  their  locations;  the  testicle 
is  exposed  to  injury,  the  ovary  is  not.  It  is  generally  admitted 
that  teratomas  do  not  become  malignant  much  oftener  than  do 
normal  tissues. 

In  the  case  of  carcinoma  testis  we  should  expect  with  a  history 
of  injury  to  a  small  undifferentiated  rest  and  the  resulting  pro- 
liferation of  an  embryonal  cell,  a  shift  in  the  mode  of  the  curve 
towards  that  of  old  age  cancer. 

THE  JOURNAL  OF  CANCER  RESEARCH,  VOL.  VI,  NO.  4 
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SUMMAEY    AND    CONCLUSIONS 

1.  Growth  potential  and  teratomas 

1.  Parasite.  Teratomas  are  tridermal  embryonal  rests  en- 
dowed with  a  certain  amount  of  possible  growth,  i.e.,  growth 
potential.  Wlien  the  rest  is  comparatively  large  it  has  necessarily 
consumed  considerable  growth  energy  before  birth,  while  in 
the  small  teratoma,  the  growth  period  may  be  divided  into  two 
parts,  a  slight  early  growth  soon  followed  by  an  inhibition,  and  a 
later,  or  post-natal  growth,  should  conditions  permit. 

2.  Host.  The  total  number  of  teratomas  in  a  population, 
up  to  any  given  age,  increases  while  growth  potential  of  the 
hosts  decreases.  As  the  larger  increases  in  the  number  of  tera- 
tomas occur  in  periods  when  growth  of  the  host  is  slowed  most, 
the  growth  of  the  host  must  inhibit  that  of  the  embryonal  rest. 

3.  The  number  of  teratomas  appearing  in  any  given  time 
varies  inversely  with  the  growth  potential  of  the  host  and  directly 
as  that  of  the  embryonal  rest.  The  tumors  which  begin  their 
postnatal  growth  before  that  of  the  host  stops  are  of  highest 
potential,  but  are  not  necessarily  more  malignant,  for  they  must 
overcome  a  still  present  inhibition.  Since  most  teratomas  have 
a  low  growth  potential,  they  appear  most  commonly  at  the 
time  the  growth  of  the  host  stops — from  twenty-three  to  twenty- 
nine  years. 

II.  Trauma  and  autonomous  growths 

1.  Teratomas  which  start  growth  as  a  result  of  injury  are 
malignant  more  frequently  than  those  which  proliferate  solely 
under  the  influence  of  growth  potential. 

2.  When  trauma  precipitates  growth,  the  teratom^a  is  fre- 
quently monodermal.  If  the  inclusion  is  still  in  an  undifferen- 
tiated condition  the  cell  is  often  of  an  embryonal  type.  If  a 
developed  inclusion  is  traumatized  the  cell  in  many  instances 
is  like  that  of  acquired  cancer. 

3.  The  curve  of  carcinoma  testis  rises  and  falls  in  a  manner 
similar  to  that  of  teratoma  testis  and  not  like  that  of  old  age 
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cancer.  This  is  another  fact  which  may  be  adduced  in  support 
of  the  theory  that  carcinoma  testis  is  a  one-sided  teratoma.  In 
the  female,  a  similar  neoplasm  might  be  expected  to  arise  as  the 
result  of  the  physiologic  stimulations  of  puberty.  This  is  what 
actually  takes  place,  hence  the  growth,  in  all  probabihty,  is  of 
teratomatous  origin. 

4.  Trauma  is  followed  by  proliferation  of  cells,  and  any  pre- 
cipitant of  regeneration  may  be  important  in  the  etiology  of 
acquired  cancer.  In  the  old  the  inhibition  of  the  organism  is 
almost  negligible.  Hence  trauma  at  that  time  may  readily  be 
followed  by  an  uncontrolled  and  therefore  excessive  growth. 
Thus,  loss  of  growth  restraint  may  be  almost  as  important  a 
factor  in  the  etiology  of  acquired  cancer  as  in  that  of  congenital 
inclusions. 
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THREE    UNUSUAL    CONNECTIVE    TISSUE    TUMORS 
OF  THE  BREAST 

ELISE    l'eSPERANCE,    M.D. 

The  comparative  rarit}'  of  malii:;"nant  connective  tissue  tumors 
of  the  breast,  their  pecuhar  hislolngy,  their  bizarre  gross  ap- 
pearance and  doubtful  histogenesis  seems  to  justify  the  presenta- 
tion here  to-night  of  the  following  three  cases. 

Case  I.  The  first  case  was  on  the  service  of  Dr.  Hartwell  of 
Bellevue  Hospital  and  the  clinical  history  is  as  follows  : 

The  patient.  39  years  old.  first  noticed  some  small  lumps  in 
right  breast  about  four  years  ago.  They  slowly  increased  in  size 
and  became  fairlv  Udticeable  about  one  year  ago.     Since  then  the 
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tumor  increased  to  al)ont  len  times  the  orii^'inal  size.  Three 
weeks  preNinus  lo  achiiission  in  hospital  the  patient  suffered  ex- 
cruciating ])ain  in  hreast  and  axilhi  and  (Hscomfort  from  rapidly 
increasing  size  of  lumor  (  hig.   i  ). 

(iross  examination   re\eals  a   large  o\'al  tumor  of  the  right 
breast,  lohulated  and  cystic  in  contour,  measuring  30  inches  in 


Fig.  I.     Showing  enormous  size  of  tumor  in  Case 


circumference,  12  inches  in  transverse  diameter,  and  15  inches  in 
long  diameter.  The  skin  is  not  ulcerated  or  adherent  and  except 
for  a  cyanotic  discoloration  over  the  large  nodules  does  not  ap- 
pear involved.  The  nipple  is  not  retracted  l:)ut  shows  a  raised 
edematous  area  surrounding  it.  There  is  no  l}-mphatic  in- 
volvement. 

The  left  breast  shows  chronic  cystic  mastitis,  but  no  neoplasm. 

On  cross  section  the  tumor  reveals   firm  translucent  areas 
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with  mail}'  small  c}"sts  tilled  with  L;elatinuus  material  and  a  large 
well-circumscribed  henKirrliagic  and  necrotic  i)()rti(»n.  which  ap- 
pears surrounded  by  a  cletinite  tirm  wall  suggesting"  a  hemor- 
rhage into  a  large  cyst. 

Microscopical  section  shows  a  cellular  large  spindle  cell  sar- 
ct)ma  with  edema  and  hemorrhage.  The  remaining  areas  of 
breast  tissue  are  transformed  into  acellular  hyaline  tissue  with  a 
few  isolated  alveoli  and  ducts.  These  are  associated  with  many 
large  dilated  l)lood  vessels  and  multiple  hemorrhages. 

Case  II.  This  case  occurred  at  the  Memorial  Hospital  on  the 
service  of  Dr.  Strobell. 

The  patient,  43  years  old,  noticed  a  small  tumor  in  the  left 
breast  nine  minthe  ago,  which  grew  rapidly.  The  family  his- 
tory was  negative. 

Gross  examination  reveals  several  large  and  small  indurated 
and  irregular  masses,  in  the  lower  half  of  right  breast  and  soft 
swelling  in  right  su])ra-clavicular  region.  The  breast  and  tumor 
measure  21  X  18  cm.  deep.  There  is  a  f ungating  mass  with  cen- 
tral excavations  protruding  from  an  opening  in  the  skin  7  cm.  in 
diameter  just  below  the  nipple.  This  opening  leads  into  a  large 
cavity  discharging  necrotic  and  luitrefying  tumor  tissue.  On 
cross  section  there  is  found  a  well-circumscribed,  encapsulated, 
soft,  translucent  tumor,  centrally  excavated,  18  cm.  in  diam- 
eter. An  additional  tumor  of  characteristic  papillary  fibro-adeno- 
matous  type  lies  just  beneath  the  main  tumor.  This  measures  6 
cm.  The  small  remaining  p()rtion  of  the  breast  shows  diffuse 
fibrosis. 

Alicroscopical  examinati()n  shows  the  main  tumor  is  a  cellular 
edematous  spindle  cell  sarcoma  arising  from  fibro-adenoma  of 
intra-canalicular  type.  The  smaller  outlying  tumor  is  an  intra- 
canalicular  and  papillary  fibroma.  The  remaining  breast  tissue 
shows  fibrosis. 

Case  III.  The  patient,  aged  54  years,  noticed  a  small  lump 
in  breast  twenty-five  years  ago,  which  did  not  increase  in  size 
until  about  two  years  ago. 

Gross  examination  shows  nodular,  irregular,  circumscribed 
tumor  mass  involving  the  greater  part  of  the  right  breast.    There 
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is  skin  iiuohcnieiil  and  no  cnlar^enicnL  of  reg-ional  lymph  nodes. 
On  cross  section  one  linds  lirni  dense  nodnles  in  wliorl  arrange- 
ment occnjiying  the  greater  part  of  the  tumor,  with  a  few  smah 
hemorrhagic  areas.  In  the  lower  outer  portion  of  the  In'east  there 
is  a  well-circumscril)ed  hemorrhage  i  X  i  inch  with  well-defined 
wall. 

Microscopically  the  main  mass  of  the  tumor  consists  of  small 
spindle  cells  arranged  in  whorls  and  interlaced  bands,  typical  of  a 
fibro-sarcoma.  The  remaining  breast  tissue  at  the  margin  of  the 
tumor  shows  extreme  fibrosis  with  hyaline  degeneration  which 
surrounds  the  ducts  and  atrophied  ah'eoli. 

In  a  study  of  these  cases  several  facts  demand  particular  at- 
tention :  First,  the  relatively  long  quiescence  of  small  nodules  in 
the  l)reast.  (  Gross  reports  a  case  in  which  a  nodule  remained  of 
the  same  size  for  36  years  and  at  the  age  of  63  began  rapidly  to 
grow,  doubling  its  size  in  one  year.  Robin  reported  a  similar 
case.)  Second,  the  sudden  and  extremely  rapid  growth  at  a  later 
period.  The  age  incidence  of  spindle  cell  sarcomas  varies,  usu- 
ally, from  39  to  49  years.  The  increase  in  size  is  not  only  more 
rapid  than  in  other  tumors,  Ijut  varies  widely  and  is  usually  in- 
fluenced by  their  structure,  the  presence  or  absence  of  cysts  or 
associated  hemorrhage.  This  is  well  shown  in  the  first  case  re- 
ported where  the  enormous  size  was  in  great  part  due  to  the  large 
hemorrhages  intoc^sts.  Third,  ulceration  of  the  overlying"  tissues 
is  rather  common,  occurring  in  about  18  per  cent,  of  the  reported 
eases.  Ulceration  occurred  in  the  second  case  rep()rted  here  and 
showed  the  characteristic  ty^ie  of  deep  fungating  ulcers.  The 
histogenesis  is  the  point  of  especial  interest  in  these  neoplasms 
and  opens  a  wide  field  for  sj^eculation.  Undoubtedly  in  the  ma- 
jorit)-  of  cases  a  previous  intra-canalicular  fibroma  proves  the 
starting  point  of  these  neoplasms,  as  is  well  shown  in  the  second 
case  from  the  Memorial  Hospital.  However,  Case  No.  i  shows 
no  evidence  of  a  previous  l^enign  neoplasm  and  was  undoubtedly 
preceded  by  an  extensi\'e  difl:'use  fibrosis  of  the  breast,  as  evi- 
denced in  the  remaining  marked  diffuse  fibrous  mastitis  which  is 
observed  in  the  other  portions  of  the  mammary  gland  and  was 
also  noted  in  the  opposite  breast.    The  short  duration  in  this  case 


CONNECT[\-K    TISSCK    TTMOKS    OF    THE    BREAST  169 

is  cii^ainst  the  tlieorx'  <»f  a  ijrccediii.i^-  Ijcnij^n  hhrdiiia.  Tl  is  iMt  nn- 
reasonal)le  lo  suppose  that  a  dilTnse  liljrosis  nia\-  jjrecede  this  type 
of  cvstic  sarcoma.  In  llie  tliird  case  we  ha\e  neilber  a  til)r<ima 
nor  marked  extensive  fibrosis  to  suL;-gest  a  i)oint  of  origin.  The 
histological  structnre  with  the  arrangement  of  spindle  cells  in 
whorls  and  strands  so  often  enconntered  in  filjro-sarcomas  of 
neurogenic  origin  leads  one  to  suspect  an  origin  from  nerve 
sheaths  of  the  same  histological  character  and  histogenesis  as  the 
neurogenic  sarcomata  of  other  regions. 

Discussion : 

Dr.  Ewixg  :  We  have  removed  early  this  week  at  the  Memorial  Hospital 
another  specimen  of  sarcoma  of  the  lireast,  ahout  two  thirds  as  large  as  the 
largest  specimen  here.  It  occurred  in  a  woman  sixty-five  years  of  age.  It 
had  existed  for  several  years,  hut  had  grown  rapidly  during  the  past  six 
months.  The  patient  was  decidedly  emaciated  and  cachectic  through  absorp- 
tion from  several  softened  necrotic  areas  in  the  huge  tumor  mass.  The  skin 
was  intact,  and  the  tumor  well  encapsulated. 
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THE     PLACE     OF     PATHOLOGICAL     ANATOMY     IN 
MILITARY    MEDICINE 

By  JAMES  EWING 
Contract  Surgeon,  Army  Medical  Museum 

CVVith  one  illustration) 

THE  essential  importance  of  pathological  anatomy  as  a  basis 
for  medical  and  surgical  practice  and  research  is  everywhere  con- 
ceded, but  probably  nowhere  fully  heeded.  Although  medicine  is 
distinguished  from  the  medical  cults  by  nothing  so  much  as  by  the 
reliance  placed  upon  the  anatomical  lesions  of  disease,  yet  an 
accurate  knowledge  of  what  disease  does  in  the  body  is  certainly 
not  possessed  b^^  the  majority  of  regular  practitioners.  Even  in  the 
most  modern  medical  schools  the  curriculum  does  not  permit  the 
student  to  become  familiar  with  the  innumerable  gross  lesions  of 
disease,  and  the  material  available  would  not  permit  it  if  the 
curriculum  did.  At  a  recent  examination  held  by  the  National 
Board  it  transpired  that  none  of  the  candidates  and  few  of  the 
examiners  had  ever  seen  the  liver  of  eclampsia,  although  hemor- 
rhagic hepatitis  is  one  of  the  most  striking  and  significant  gross 
lesions  occurring  in  the  human  body. 

In  the  modern  highly  equipped  university  clinic  it  is  commonly 
assumed  that  the  chief  has,  of  course,  acquired  competence  in  such 
fundamental  matters  as  pathological  anatomy,  but  the  record  does 
not  always  show  how  he  acquired  this  knowledge,  and  investigation 
often  reveals  that  this  branch  of  the  work  of  the  clinic  is  in  charge 
of  some  young  assistant  who  is  not  alwaj^s  marked  for  rapid  ad- 
vancement. 

Even  among  pathologists  there  is  a  wide  divergence  in  the  extent 
to  which  pathological  anatomy  is  cultivated,  as  a  basis  for  teach- 
ing pathology  or  as  a  means  of  research.  Very  often  it  is  assumed 
that  gross  pathology  is  such  an  old  subject  that  the  cream  has  been 
skimmed  from  it  and  that  no  important  additions  to  our  knowledge 
are  to  be  expected  from  it,  and  certainly  no  sensational  rewards. 

Chief  among  the  reasons  for  the  present  decline  of  pathological 
anatomy  in  America  is  the  difficulty  of  securing  material  for  study. 
The  proper  performance  of  an  autopsy  is  a  difficult,  laborious,  ex- 
pert and  time-consuming  procedure.  It  involves  a  peculiar  knowl- 
edge of  normal  anatomy,  technical  skill,  a  systematic  and  yet 
adaptable  procedure,  attention  to  microscopic,  bacteriologic,  and 
chemical  data,  wide  acquaintance  with  the  lesions  of  disease,  broad 
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knowledge  of  medicine,  and  acquaintance  with  technical  language. 
The  opportunity  to  perform  autopsies  is  hedged  about  by  an  un- 
intelligent attitude  of  the  public,  by  antiquated  laws,  by  inadequate 
facilities,  and  by  the  conflicting  interests  of  anatomists,  undertakers 
ecclesiastics,  burial  societies,  and  other  friends.  In  Kew  York 
City  it  is  a  misdemeanor  to  remove  organs  from  the  body  in  muni- 
cipal hospitals,  and  thus  properly  to  teach  pathological  anatomy. 

To  the  believer  in  the  renaissance  of  pathological  anatomy 
two  hopeful  signs  appear  on  the  horizon.  One  is  the  approach  of 
state  medicine,  and  the  other  is  the  demand  for  military  medical 
efficiency.  The  moment  that  the  sponsors  of  either  of  these  move- 
ments begin  to  analyze  the  elements  of  real  efficiency  in  the  knowl- 
edge and  practice  of  medicine,  that  moment  a  high  development  of 
pathological  anatomy  is  assured. 

The  reason  why  pathological  anatomy  has  hkd  such  a  funda- 
mental influence  on  the  progress  of  medicine  and  is  so  essential  to 
the  practitioner  lies  in  the  fact  that  tissue  changes  detected  by  the 
naked  eye  had  interpreted  by  microscopic  control  are  jukt  those 
that  produce  the  significant  symptoms  of  disease  and,  as  a  rule, 
determine  the  main  events  in  its  course.  It  is  only  upon  a  sound 
basis  of  pathological  anatomy  that  the  bacteriologist,  chemist,  and 
serologist  can  safely  proceed  to  trace  the  finer  factors  in  the 
causation  and  pathogenesis  of  disease.  It  is  a  matter  of  historical 
record  that  while  it  has  been  the  task  of  the  clinician  to  point  out 
the  clinical  problems  of  medicine,  it  was  first  the  gross  pathologist 
who  found  how  these  problems  were  to  be  attacked.  Thus  when 
Virchow,  seventy  years  ago,  pointed  out  that  in  uremia,  lesions  of 
the  liver  were  quite  as  prominent  as  those  of  the  kidney,  he  placed 
the  problem  of  Bright's  disease  on  the  doorstep  of  the  physiological 
chemist.  For  many  years  before  attention  centered  on  the  pancreas 
in  diabetes,  pathological  anatomists  had  emphasized  the  nearly 
constant  occurrence  of  lesions  in  this  organ,  and  only  recently  has 
the  simple  morphological  study  of  the  organ  established  the  im- 
portance of  lesions  in  the  islands,  and  justified  the  pursuit  of  the 
pancreatic  hormone.  Even  with  the  infectious  diseases  it  is  a  rule 
that  a  specific  microorganism,  producing  specific  clinical  symp- 
toms, causes  also  characteristic  gross  anatomical  lesions  which  in 
turn  present  a  peculiar  histological  structure,  and  while,  with 
some  exceptions,  the  fever  and  intoxication  are  of  general  origin 
and  of  non-specific  character,  the  grosser  anatomical  lesions  de- 
termine the  main  clinical  features  of  the  disease.  Some  may  not 
concede  such  central  importance  to  pathological  anatomy,  but  I 
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venture  to  thiuk  that  the  above  estimate  is  not  overdrawn,  and 
could  be  supported  hy  very  numerous  additional  data  drawn  from 
all  departments  of  medicine. 

The  importance  of  pathological  anatomy  in  the  Army  Medical 
Service  has  been  plainly  illustrated  in  many  ways. 

When  the  demands  of  the  war  suddenly  developed  and  it  became 
necessarj^  to  equip  a  large  number  of  laboratories  with  a  competent 
personnel,  it  was  soon  apparent  that  American  laboratories  had 
been  manned  chiefly  by  clinical  pathologists,  while  the  supply  of 
expert  pathologists  was  quite  inadequate. 

When  a  large  new  Army  Medical  School  was  established  at  Fort 
Oglethorpe,  the  efl'ort  to  secure  pathological  material  for  teaching 
purposes  soon  revealed  that  there  was  no  excess  material  of  this 
sort,  and  that  it  was  difficult  to  secure. 

When  epidemics  of  pneumonia  and  meningitis  broke  out  in  can- 
tonments the  best  opinion  was  unable  to  decide  whether  the  dis- 
ease was  exhibiting  new  or  only  old  features,  because  there  was  no 
opportunity  to  compare  the  lesions  on  a  large  scale  with  those 
previously  observed.  Neither  clinicians  nor  pathologists  of  today 
remember  the  details  of  the  influenzal  lesions  of  1889-90,  and  no- 
where have  these  lesions  been  properly  preserved.  If  there  is,  in 
America,  any  collection  of  post-measles  pneumonias,  or  any  physi- 
cian thoroughly  acquainted  with  the  details  of  such  lesions,  it  was 
not  api)arent  in  the  exigency  of  last  winter. 

When  the  treatment  of  infected  war  wounds  became  the  most 
urgent  surgical  problem,  the  solution  was  reached  on  the  basis  of 
the  grossest  of  pathological  anatomical  grounds,  namely,  the  exci- 
sion of  wide  areas  of  devitalized  muscle.  It  is  now  apparent  that 
a  few  careful  dissections  of  these  wounds  would  have  revealed  to 
the  naked  ej^e  the  extent  of  the  devitalized  tissues,  the  dissemin- 
ation of  bone  fragments,  and  the  real  problem  of  surgical  treat- 
ment. The  question  of  when  to  amputate  or  save  infected  fractured 
limbs  seems  to  have  been  influenced  strongly,  at  least  in  Britisli 
circles,  by  the  amount  of  damage  to  heart  and  kidneys  revealed  at 
autopsy  on  prolonged  cases  of  suppuration  or  after  less  stormy 
wound  healing. 

Such  considerations  as  the  above  early  led  our  British  confreres 
to  recognize  the  importance  of  studies  in  gross  pathology  in  the 
elucidation  of  military  medical  problems,  and  to  appoint  a  com- 
mittee of  experts  to  develop  the  field  of  pathological  anatomy  and 
museum  demonstration.  An  impressive  exhibition  of  some  of  their 
results  was  recently  held  in  London. 
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Likewise  our  own  Medical  Staff,  with  somewhat  less  definite  evi- 
dence of  its  necessity,  and  with  correspondingly  greater  foresight, 
many  months  ago  formed  i^lans  to  collect  all  the  pathological  material 
from  the  army  hospitals,  at  home  and  overseas,  and  to  form  a  new 
Army  Medical  Museum  at  Washington.  The  objects  of  the  collection 
were  conceived  to  be: 

1.  The  gathering  of  the  objective  records  of  the  effects  of  disease, 
from  which  might  be  written  an  important  chapter  in  the  medical 
history  of  the  war. 

2.  The  employment  of  pathological  anatomical  studies  in  the 
solution  of  current  military  medical  problems. 

3.  The  formation  of  a  permanent  museum. 

4.  The  use  of  the  material  for  the  education  of  military  physicians 
in  the  diseases  occurring  in  the  Army. 

5.  The  later  study,  both  gross  and  microscopic,  of  large  num- 
bers of  cases,  for  their  general  scientific  and  special  military  interest. 

At  the  present  time  it  seems  desirable  that  those  who  are  in- 
terested in  the  undertaking  should  be  apprised  of  the  degree  of  suc- 
cess thus  far  attained,  of  the  general  objects,  methods,  and  possibilities 
of  the  project,  so  that  during  the  remaining  period  of  post-bellum 
activities  every  effort  may  be  made  to  bring  the  project  to  complete 
success. 

It  is  necessary  to  admit  that  thus  far,  while  much  valuable  material 
has  been  collected,  and  much  more  is  sttored  in  hospital  laboratories, 
the  indications  are  not  entirely  reassuring  that  the  American  Army 
Medical  Staff  will  have  in  its  possession  at  the  end  of  the  war  period 
a  satisfactory  collection  of  pathological  material  from  which  to  write 
the  medical  history  of  the  war,  and  it  appears  even  less  certain  that 
this  material  will  permit  the  formation  of  a  museum  which  is  abreast 
of  modern  standards.  A  frank  acknowledgment  of  this  situation  seems 
to  be  its  most  likely  remedy. 

Prominent  among  the  causes  of  this  partial  failure  has  been  the 
great  haste  demanded  in  the  military  preparations,  which  had  to  be 
the  first  consideration.  The  outbreaks  of  infectious  diseases  in  the 
camps,  although  probably  not  more  severe  than  with  some  of  our 
allies,  threw  a  vast  amount  of  emergency  work  upon  the  laboratory 
staff,  and  made  it  impossible  to  attend  to  the  many  details  of 
preparation  and  collection  of  pathological  specimens.  Even  more 
important  was  the  paucity  of  men  trained  in  the  methods  of  the 
pathological  laboratory,  as  distinguished  from  the  clinical  labora- 
tory, a  defect  that  must  be  charged  against  the  present  organiza- 
tion of  American  civil  medicine.     The  war  definitely  demonstrated 
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that  there  is  shortage  of  pathologists  and  pathological  facilities  in 
America,  while  clinical  laboratory  diagnosis  is  rather  highly  de- 
veloped. 

Finally,  while  there  is  in  America  an  association  composed  of 
rather  numerous  pathologists  interested  in  museum  work,  their 
standards  and  propaganda  have  not  yet  penetrated  widely,  so  that 
the  prevailing  notions,  at  least  among  the  clinical  pathologists,  of 
what  constitutes  a  museum  specimen  are  quite  vague.  Even  among 
pathologists,  in  and  out  of  the  Army,  there  is  a  divergence  in  ideas 
and  practice  regarding  museum  preparations.  The  spirited  inquiry 
has  been  made  whether  an  autopsy  is  performed  to  settle  important 
questions  at  the  autopsy  table,  or  only  to  secure  museum  specimens. 
On  this  point  it  is  of  first  importance  to  come  to  an  understanding. 
The  writer  has  no  hesitation  in  affirming  that  both  the  above  objects 
should  be  considered  in  performing  an  autopsy,  but  that  the  de- 
struction of  a  valuable  museum  specimen  for  the'  sake  of  a  hasty 
demonstration,  especially  in  the  case  of  an  American  soldier, 
should  be  deprecated.  If  the  Army  Museum  is  to  take  a  creditable 
form,  the  army  pathologist  must  resolutely  refuse  to  damage  gross 
anatomical  specimens,  but,  on  the  contrary,  must  use  all  his  in- 
genuity to  preserve  in  natural  form  and  color  a  reasonable  or  even 
a  large  proportion  of  the  lesions  that  come  under  his  hands. 

The  importance  of  collecting  museum  material  being  recognized 
and  the  means  provided,  the  question  remains :  How  extensive  shall 
this  collection  be,  and  what  methods  shall  be  employed  in  gather- 
ing it? 

Those  who  conceived  the  plan  of  creating  a  new  pathological 
museum  believe  that  all  material  obtained  in  the  army  service 
should  be  sent  to  Washington,  and  orders  to  that  effect  were  given 
out  some  months  ago.  If  these  orders  are  rigidly  followed,  it  appears 
certain  that  much  material  of  little  or  no  value  will  accumulate. 
Yet  the  responsibility  of  throwing  specimens  away  can  best  be 
assumed  by  a  central  office.  A  few  tonsils  in  a  camp  laboratory 
may  be  of  little  interest,  but  a  thousand  gathered  from  many 
sources  would  serve  to  determine  what  significance  the  tonsil  has 
in  military  service. 

The  same  rule  applies  to  all  the  specialties.  The  histopathology 
of  cutaneous  diseases  may  be  a  threadbare  subject,  but  the  Army 
needs  such  a  collection  for  several  purposes.  Or  it  may  prove  that 
there  are  still  some  new  facts  to  be  elicited  by  the  study  of  lesions 
of  the  skin,  especially  those  due  to  poisonous  gases  and  burns. 

In  the  case  of  general  diseases  the  scope  of  the  material  which 
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it  is  desirable  to  include  in  the  museum  collection  will  vary  in  the 
opinions  of  different  pathologists.  Yet  if  any  competent  and  sys- 
tematic study  of  diseases  such  as  pneumonia,  measles,  and  in- 
fluenza, is  to  be  undertaken,  portions  of  all  the  organs,  and  not 
merely  the  main  lesion,  must  be  preserved  for  histological  exam- 
ination. Exactly  the  same  rule  would  seem  to  apply  in  the  pre- 
servation of  gross  material  for  museum  demonstration.  The  idea 
of  exhibiting  in  natural  form  and  color  all  the  affected  organs  in 
a  series  of  cases  of  the  important  diseases  occurring  in  the  Army 
may  appear  unreasonable  or  even  grotesque.  It  is  a  fact  that  it 
has  never  been  accomplished.  Nevertheless  the  writer  believes 
that  the  time  has  come  when  the  full  possibilities  of  museum 
demonstration — for  record,  for  education,  and  for  research — should 
be  recognized,  and  a  strong  effort  made  to  realize  them  in  the  new 
Army  Medical  Museum.  Such  an  undertaking  would  call  for  new 
standards  in  gross  pathology,  but  the  war  has  brought  new  stand 
ards  in  nearly  every  other  branch  of  medicine,  and  why  should 
not  pathological  anatomy  be  allowed  to  take  a  step  forward? 

The  pathologist  is  commonly  content  to  save  a  portion  of  one 
lung  in  pneumonia,  put  it  in  a  glass  jar,  and  use  it  as  a  text  on 
which  to  discuss  the  pathogenesis  of  the  disease.  The  extent  of 
the  pulmonary,  bronchial,  and  pleural  lesions,  and  the  highly  im- 
portant changes  in  the  other  organs  are  left  to  the  imagination. 
Yet  it  is  just  these  peculiar  associated  lesions,  so  difficult  to  de- 
scribe and  correlate,  that  render  the  picture  significant  and  im- 
pressive. On  the  old  basis,  pathological  museums,  interesting 
enough  in  themselves,  have  never  assumed  the  importance  thej^ 
deserve,  and  have  never  fully  discharged  their  functions. 

No  better  proof  of  the  necessity  of  presenting  the  whole  picture 
of  the  disease  could  be  found  than  has  just  appeared  in  the  recent 
epidemic  of  influenza.  The  urgent  question  arose  whether  the  dis- 
ease was  new  or  had  been  seen  before.  This  question,  not  solvable 
on  the  available  bacteriological  evidence  alone,  could  have  been  de- 
cided by  a  close  comparison  of  the  peculiar  lesions  occurring  in  the 
lungs  and  other  organs  in  October,  1918,  with  those  observed  in 
the  winter  of  1917-18.  As  observed  in  October,  these  peculiar 
features  included  the  hemorrhagic  lesions  in  the  lungs  and  respir- 
atory tract,  the  hemorrhagic  gastritis  and  enteritis,  and  the  altera- 
tions in  the  hemopoietic  organs,  all  of  which  were  required  if  the 
picture  were  to  be  in  any  sense  adequate  and  conclusive. 

On  this  account  the  following  scheme  of  procedure  was  prepared 
at  the  Army  Medical  Museum  and  recommended  to  a  few  neighbor- 
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iug  hospitals.  It  is  presented  here,  not  only  for  its  immediate  rela- 
tion to  influenza,  but  as  representing  the  object  to  be  attained  by 
the  museum  pathologist  in  dealing  with  other  diseases.  That  object 
should  be  to  preserve  the  whole  picture  of  the  disease. 

Akmy  Medical  Museum 

proc'euure    recommended    for    the    preservation     oe     museum     material 

in  cases  of  influenza 

Save  the  Whole  Picture  of  the  Disease. 

Use  Klotz's  fluid,  Kaiserling's,  or  10  per  cent  formalin. 

Resjnratory  organs.— Remove  both  lungs  together,  and  with  them,  if 
possible,  the  tonsils,  larynx,  and  trachea. 

Make  bacterial  cultures  from  posterior  surfaces  of  lobes. 

Gently  distend  the  lungs  to  normal  dimensions  by  pouring  fixing  fluid 
into  trachea.    Wait  one  or,  better,  twenty-four  hours  before  incising. 

Lay  out  lungs  on  their  anterior  surfaces,  and  with  a  long  knife  bisect  the 
bronchial  tree  to  the  second  bifurcations,  continuing  the  incision  and  remov- 
ing in  the  same  plane  one  to  two  inches  of  the  posterior  portions  of  the 
parenchyma,  from  apex  to  base. 

Save  the  smaller  portions  for  histological  study,  and  float  the  other  in  a 
large  container. 

Stomach. — Half  fill  the  stomach  with  fixative,  float  in  a  large  container, 
and  after  24  hours  incise  along  middle  of  anterior  surface.  Treat  similarly 
affected  portions  of  small  and  large  intestine. 

Sixteen. — Bisect  in  long  diameters. 

Liver. — Preserve   a   transverse   segment   2    inches    thick. 

Kidneys. — Bisect  with  adrenals  and  preserve  one  half. 

Bone  marroiv. — Remove  a  portion  of  sternum  and  body  of  one  vertebra. 
The  head  of  the  humerus  in  adults  does  not  usually  contain  red  marrow. 

Objections  to  the  prominence  thus  given  to  pathological  anat- 
omy will  arise  from  the  requirements  of  the  bacteriologist,  from 
the  considerable  demands  on  the  time  of  the  laboratory  staff,  and 
from  the  respect  due  to  the  dead  body. 

Yet  the  bacteriologist  need  not  cut  the  lung  to  pieces  to  obtain 
cultures.  He  can  make  sterile  punctures  at  as  many  points  as  de- 
sired. In  fact  it  seems  not  impossible  that  the  complex  bacteriology 
of  the  pneumonic  lung  might  be  simplified  by  cooperation  between 
pathologist  and  bacteriologist,  identifying  and  isolating  the 
numerous  secondary  lesions  and  infections  that  occur,  and  possibly 
by  assigning  dfferent  organs  to  different  purposes. 

The  labor  of  preparing  organs  for  gross  demonstration  is  con- 
siderable, and  special  experience  and  skill  are  required,  so  that  it 
would  seem  desirable  to  provide  a  special  laboratory  assistant  part 
of  whose  time  should  be  devoted  to  this  work. 
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Circular  of  lulormatiou  P'lt  to  army  hospitals  last  September. 
The  essential  factor  whii,^*  makes  it  possible  for  the  modern 
pathological  museum  to  piesent  the  exact  condition  of  diseased 
organs  is  the  blood-preserving  property  of  formalin.  When  the 
blood  is  hemolyzed  no  method  as  yet  devised  gives  satisfactory 
preservation  of  color.  One  who  knows  how  to  use  formalin  can 
obtain  almost  as  good  results  with  a  10  per  cent  solution  as  with 
any  of  the  more  complex  fixatives,  but  the  care  required  is  some- 
what greater  than  with  Klotz's  or  Kaiserling's  fluids.  Gross  speci- 
mens should  not  remain  in  formalin  more  than  two  or  three  days, 
they  should  then  be  washed  in  running  water,  color  restored  in  alco- 
hol for  24  to  48  hours,  and  preserved  in  the  final  fluids  recommended 
by  Klotz  or  Kaiserling,  paraflin  oil,  or  sugar  solution.  The  great 
advantage  of  Klotz's  fixative.  No.  1,  is  the  fact  that  specimens  may 
remain  and  be  shipped  in  it.  As  with  most  other  technical  prob- 
lems, the  skill,  patience,  and  ingenuity  of  the  pathologist  will 
always  be  taxed  to  secure  desired  results. 

Although  the  war  is  over,  there  will  still  be  abundant  oppor- 
tunity for  the  army  laboratories  to  employ  the  best  methods  and 
aim  at  the  highest  standards  of  pathological  anatomical  prepar- 
ation. In  fact,  as  the  stress  of  military  activity  lessens,  the  situa- 
tion becomes  more  favorable  for  attention  to  the  interests  of 
museum  collection  and  the  study  of  medical  problems  arising  from 
the  war. 

It  may  be  emphasized  that  the  Army  Medical  Museum  is 
equipped  to  make  the  best  use  of  an  extensive  museum  collection. 
With  a  staff  of  experts  in  plaster  and  wax  modelling,  painting, 
photography,  and  anatomical  preparation,  it  is  capable  of  employ- 
ing every  branch  of  pictorial  art  on  the  material  received,  and  thus 
to  become  a  powerful  factor  in  medical  education.  In  the  remain- 
ing period  of  militarj^  mobilization,  a  concerted  effort  should  be 
made  to  gather  at  Washington  a  complete  and  modern  pathological 
collection.  If  such  a  result  can  be  accomplished,  it  will  give  a 
powerful  impetus  to  the  study  of  pathology  and  distinctly  elevate 
the  standards  of  medical  education  and  practice,  both  in  the  Army 
and  throughout  the  country. 


[Reprinted  from  PROCEEDINGS  OF  THE  New  York  Pathological  Society,  N  S. 
Vol.  XIX,  Nos.  1-5,  January-May,  1919.] 


PULMONARY  LESIONS  OF  INFLUENZA  PNEUMONIA, 
AND  A  METHOD  OF  MUSEUM  PREPARATION 

JAMES  EWING,   M.D. 

My  object  in  presenting  these  slides  this  evening  is  to  demon- 
strate a  method  of  preparation  of  lungs  of  influenza  or  other 
pulmonary  diseases  for  gross  anatomical  study,  and  for  perma- 
nent preservation  in  a  museum.  We  might  ask  perhaps  what  is 
the  use  of  making  a  separate  topic  of  a  matter  of  this  sort.  I 
found  this  summer  at  the  Army  Aledical  Museum  at  Washington 
that  there  was  very  great  need  for  information  on  this  subject, 
and  it  was  only  after  a  considerable  and  harrassing  experience 
that  we  were  able  to  obtain  any  satisfactory  gross  material,  that 
is,  which  demonstrated  the  lesions  of  influenza  in  a  fully  adequate 
manner.  It  was  only  after  a  number  of  trials  and  experiments 
that  we  adopted  a  method  which  will  be  demonstrated  in  these 
slides.  That  method  consists  Ijriefly  in  attempting  to  demonstrate 
fully  the  lesions  in  both  lungs,  because  without  the  demonstration 
of  the  lesions  in  both  lungs  one  might  get  a  very  erroneous  idea 
of  the  nature  of  the  pulmonary  lesion  in  influenza.     I  had  many 
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that  we  have  any  material  at  all  from  the  epidemic  of  so-called 
post-measles  pnenniDiiia  in  191 7.  Knowing  that  the  lesion  is 
bilateral,  and  may  \'ary  considerably  in  both  lungs,  we  agreed  that 
we  must  have  both  of  them  for  study.  Finally,  at  St.  Elizabeth's 
Hospital,  we  perfected  a  method  which  is  easy  to  describe,  but 
not  so  easily  applied.  The  plan  is  to  lay  the  lungs,  removed 
together,  on  their  anterior  surfaces  and  to  cut  both  lungs  down 
the  bronchial  tree.  With  a  long  sharp  knife  make  a  slice  where 
the  bronchial  tree  is  running.  That  cuts  off  the  posterior  portion 
of  the  lung  a  slice  about  two  inches  thick  from  the  apex  to  base. 
The  first  cut  may  not  strike  the  bronchial  tree  throughout  its 
entire  length,  but  one  can  make  another  cut  which  will  continue 
the  section  to  the  finest  ramifications  of  the  bronchial  tree,  and 
when  this  is  done,  it  gives  a  striking  picture  (Fig.  i  ).    There  were 


Fig.   I.     A  characteristic  type  of  broncliopneumonia  following  influenza. 
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several  results  of  the  study  oi  lungs  sectioned  in  this  way  which 
I  think  would  not  ha\-e  been  secured  by  cutting  the  lungs  in  a 
haphazard  manner,  as  is  usually  done. 

In  studying  the  lungs  we  found  what  I  call  a  critical  area 
around  the  centers  of  the  main  bronchi  in  both  lungs  where  as  a 
rule  secondary  pneumonic  processes  are  apt  to  begin.  I  had  quite 
a  discussion  with  some  internists  once  on  the  question  whether 
pneumonia  began  under  the  pleura  or  in  the  central  area,  and  I 
could  not  answer  the  (juestion.  In  our  own  museum  specimens 
there  were  illustrations  of  both  conditions.  In  a  series  of  sections 
cut  in  this  way  through  both  lungs  we  have  found  in  a  large  pro- 
portion of  post-influenzal  pneumonias  that  consolidation  began  in 
an  area  around  the  bronchial  tree,  which  became  so  common  that 
we  designated  it  as  the  critical  area.  Another  point  which  has 
been  brought  out,  and  which  I  think  could  only  have  been  done  to 
full  satisfaction  by  this  method  of  section,  was  that  in  practically 
all  our  cases  the  original  lesion  was  a  bronchiolitis.  Sometimes 
a  secondary  and  diffuse  pneumonia  would  start  all  through  a  lobe 
or  through  several  lobes,  so  that  on  inspection  one  could  not  make 
out  a  trace  of  the  original  bronchiolitis,  but  in  a  high  proportion 
of  cases  one  would  find  a  tell-tale  peripheral  zone  of  fine  bron- 
chiolitis. Another  matter  which  was  emphasized  only  lately,  and 
which  can  be  demonstrated  in  the  slides,  was  the  characteristic 
condition  of  the  lung  in  most  cases  of  empyema.  I  had  never 
seen  it  before.  I  have  been  told  that  Ribbert  described  it,  and 
also  have  been  told  by  members  of  the  Empyema  Commission 
that  they  had  concluded  that  a  peculiar  type  of  lesion  must  exist 
in  the  lung  in  cases  of  empyema.  Here  a  streptococcus  infection 
spreads  through  the  lymphatics  of  the  bronchioles  and  of  the 
septa  and  thus  reaches  the  pleura.  It  passes  rapidly  through  these 
lymphatic  channels,  and  distends  them  with  pus  to  a  very  notice- 
able extent.  In  the  earlier  stages  of  this  type  of  lung  one  finds 
the  septa  clearly  marked  out  in  a  characteristic  mosaic.  This 
lesion  might  almost  be  spoken  of  as  an  abscess,  but  it  is  not  a 
true  abscess.  There  is  no  liquefaction,  but  the  lymphatics  are 
very  widely  distended  with  exudate.     This  lesion,  occurring  in 
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one  or  boih  lungs,  can  Ijc  satisfactorily  traced  to  the  root  of  the 
lung  only  in  sections  made  in  this  particular  manner. 

I  do  not  expect  this  evening  to  give  a  complete  demonstration 
of  the  pulmonary  lesions  in  influenza,  but  hope  only  to  show  the 
main  features,  and  I  trust  that  the  slides  will  impress  on  the 
members  of  the  society  how  important  it  is  for  pathologists  to 
take  pains  in  preserving  specimens. 

LANTERN    SLIDE   DEMONSTRATION 

The  slides  were  arranged  in  the  following  groups : 

1.  Diffuse  bilateral  hemorrhagic  pneumonias.  Bronchiolitis 
obscured  by  blood.     Cases  from  height  of  epidemic. 

2.  Fine  bronchiolitis  all  o\er  both  lungs,  which  are  very  red, 
but  show  little  exudate. 

3.  Lobular  or  diffuse  pneumonias  obliterating  the  bronchio- 
litis except  at  periphery. 

4.  Increasing  prominence  of  bronchiolitis  and  bronchopneu- 
monia, with  or  without  patchy  pneumonias. 

5.  Necrotic  bronchopneumonias  resembling  tubercle. 

6.  Lungs  in  empyema. 

7.  Comparison  of  lungs  of  1918  with  those  of  191 7. 

One  of  the  conclusions  resulting  from  a  comparison  of 
the  lesions  of  1917  and  1918  caused  much  opposition,  and  of 
course  it  was  based  only  upon  such  evidence  as  pathologico- 
anatomical  data.  But  I  think  that  the  fact  that  from  the  gross 
anatomical  standpoint  the  lungs  of  the  so-called  post-measles 
pneumonia  of  1917  correspond  in  even  minute  detail,  with  the 
lesions  that  have  been  found  in  the  epidemic  of  post-influenza 
pneumonia,  is  suggestive  that  these  pneumonias  are  essentially  the 
same.  This  fact  hardly  permits  one  to  state  such  a  conclusion  as 
final.  The  nature  of  these  diseases  is  to  be  decided  finally  by 
bacteriological  data,  but  since  the  bacteriologists  have  not  as  yet 
arrived  at  any  conclusion  in  the  matter,  it  seems  to  me  it  would 
be  wise  not  to  dismiss  entirely  the  evidence  which  may  be  obtained 
from  the  gross  anatomical  studv  of  the  lungs.     It  mav  also  be 
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noted  that  in  1917  influenza  bacilli  were  fre(|uently  found  and 
reported,  but  camp  bacteriologists  considered  them  of  no  impor- 
tance. This  was  not  noted  until  the  reports  were  reexamined  in 
1918.  I  think  it  is  desirable  to  emphasize  the  wisdom  and  neces- 
sity of  making  every  effort  to  preserve  the  characteristic  speci- 
mens of  these  lesions.  The  question  arises  what  is  the  relation 
of  post-measles  pneumonia  to  pure  measles.  It  is  not  easy  to 
answer  this  question.  Few  if  any  museums  possess  a  well-pre- 
served set  of  lungs  in  a  case  of  measles.  I  think  it  would  be 
very  important  evidence  if  we  could  point  out  that  this  or  that 
particular  specimen  belongs  to  measles.  It  has  been  my  hope  that 
we  could  get  a  group  of  selected  specimens  which  would  show 
every  variation  in  the  type  of  these  influenza  and  measles  pneu- 
monias which  might  settle  some  of  these  questions  from  the  gross 
anatomical  standpoint  and  form  a  basis  for  the  study  of  the 
etiology  of  these  diseases  on  the  bacteriological  side. 

Discussion: 

Dr.  Cole:  I  will  not  discuss  this  paper  more  than  to  express  my  appre- 
ciation of  the  splendid  work  Dr.  Ewing  has  done  in  studying  the  pathological 
lesions  in  these  cases  of  pneumonia.  It  is  not  only  in  bronchopneumonia  that 
our  knowledge  is  lacking  of  the  exact  pathological  lesion.  We  have  been 
interested  for  a  long  time,  more  from  the  bacteriological  standpoint,  in  lobar 
pneumonia,  and  I  have  been  struck  with  the  lack  of  exact  knowledge  of  the 
lesions,  and  I  think  a  careful  study  of  the  lungs  and  the  lesions  produced  in 
lobar  pneumonia  would  give  us  a  good  deal  of  valuable  information  concern- 
ing the  nature  of  this  disease.  In  regard  to  the  lungs  described  to-night  by 
Dr.  Ewing,  one  is  struck  by  the  great  variety  in  the  lesions.  It  is  quite  true, 
as  Dr.  Ewing  states,  that  certain  of  these  lungs  show  lesions  which  are  like 
those  we  saw  in  1917  and  again  in  1918,  before  the  present  epidemic  of  influ- 
enza occurred.  I  studied  the  pneumonia  occurring  at  San  Antonio  in  the 
winter  of  1917-18.  It  is  true  we  found  the  influenza  bacillus  in  the  lungs  in 
many  of  the  cases,  but  we  did  not  lay  stress  upon  this.  Most  of  the  cases  of 
pneumonia  with  peculiar  lesions  occurred  in  association  with  measles,  but  we 
pointed  out  that  similar  cases  occurred  without  measles.  If  the  disease  we 
were  studying  was  influenza,  it  is  difficult  to  understand  why  it  should  have 
taken  on  the  remarkable  epidemic  character  which  it  has  exhibited  this  winter. 
I  do  not  know  w^hat  influenza  is,  except  that  it  is  an  acute  respiratory  disease 
occurring  in  remarkable  epidemic  form  and  usually  associated  with  leuco- 
penia.  In  going  over  the  records  of  our  cases  during  the  epidemic  I  find  all 
clinical  varieties  of   respiratory  disease  which   we  had   to  label  "  influenza," 
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from  coryza  to  the  most  severe  bronchopneumonia,  and  it  is  impossible  to  say 
from  the  clinical  features  alone  that  "  this  is  influenza "  and  "  this  is  not 
influenza."  One  point  I  should  like  to  inquire  about  is  the  peribronchial  infil- 
tration, which  was  such  a  marked  feature  in  the  measles  cases.  Many  of 
these  cases  associated  with  empyema  showed  also  a  severe  lymphangitis  with 
dilatation  of  the  lymph  vessels  running  out  to  the  periphery.  Some  of  the 
cases  showed  marked  bloody  exudate  and  extreme  edema  of  the  lungs,  as 
have  been  seen  in  the  present  epidemic.  Such  cases  are  still  occurring.  Only 
the  other  day  we  had  such  a  case  and  the  same  day  another  case  with  staphy- 
lococcus infection,  the  lung  showing  numerous  abscesses.  In  both  of  these 
cases  influenza  bacilli  were  isolated  from  the  lung,  and  it  seems  that  both 
cases  must  be  considered  as  associated  with  the  epidemic  through  which  we 
have  just  passed.  Xone  of  the  lung  lesions  so  far  described  seem  to  me  defi- 
nite enough  to  permit  us  to  consider  them  specific.  With  the  clinical  picture 
so  variable  and  with  no  well  established  etiology  I  still  have  difficulty  in 
defining  influenza. 

Dr.  Manges  :  Does  Dr.  Ewing  adhere  to  the  classification  that  Dr.  Mac- 
Callum  has  so  recently  introduced,  that  is,  that  the  influenza  bacillus  gives  a 
typical  picture,  as  does  the  streptococcus  and  the  staphylococcus?  I  judge 
from  the  pictures  this  evening  that  they  are  quite  uniform  types.  I  should 
like  to  ask  Dr.  Cole  whether  in  the  measles  cases  there  was  a  typical  infiltra- 
tion of  the  lungs.  I  think  we  have  to  add  to  the  leucopenia  a  slow  pulse  and 
a  slow  respiration,  which  we  must  include  in  the  medical  picture  of  influenza. 
I  think  those  of  us  clinicians  who  are  here  to-night  can  only  appreciate  deeply 
what  Dr.  Ewing  has  given  us  in  his  presentation.  It  emphasizes  more  than 
ever  the  extension  of  the  disease  from  the  so-called  critical  area.  Another 
point  is  that  of  the  dilated  bronchi  in  relation  to  empyema  cases,  and  that  is 
one  which  is  being  overlooked  constantly,  and  which  would  also  explain  the 
gravity  of  the  case  in  empyema,  which  is  also  often  overlooked. 

Dr.  Williams  :  The  evidence  that  Dr.  Ewing  gives  of  post-measles  lungs 
being  similar  to  the  so-called  influenza  lungs  adds  somewhat  to  the  evidence 
in  favor  of  the  influenza  bacillus  being  a  secondary  invader  in  the  pandemic. 

Dr.  Moschcowitz  :  Dr.  Ewing's  description  of  the  erysipelas  of  the  lung 
interested  me  especially.  My  brother,  Major  A.  V.  Moschcowitz,  who  is  a 
member  of  the  Empyema  Commission,  tells  me  that  invariably  in  the  cases 
of  empyema  there  is  a  subpleural  abscess  that  has  ruptured.  I  would  like  to 
ask  Dr.  Ewing  if  he  has  found  that  to  be  the  case. 

Dr.  Ewing:  I  should  like  to  emphasize  the  fact  that  while  I  am  impress- 
ing the  importance  of  pathological  anatomy,  I  do  not  wish  to  overempha- 
size it.  It  happened  to  be  my  job  to  do  something  in  this  field,  and  I  went 
to  it  with  the  unsual  energy  which  we  would  all  display  in  such  a  case. 
I  have  not  said  anything  about  the  histology  of  these  lesions,  although  I  can 
assure  you  it  is  just  as  variable  as  the  gross  anatomy,  but  in  general  I  think 
there  is  one  central  tendency  which  is  quite  striking.  Throughout  the  entire 
series  of  post-measles  and  post-influenza  pneumonias,  usually  complicated  by 
streptococcus  infection,  whenever  there  is  a  bloody  exudate  and  a  severe 
distortion  of  the  walls  of  the  bronchioles,  there  is  a  certain  tendency  toward 
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iirsanization.  In  a  great  manj-  of  the  earlier  cases  organization  was  not 
found,  but  it  was  extremely  common  in  the  later  specimens. 

As  to  the  bacteriology  of  these  lungs,  quite  a  corps  of  assistants  worked 
in  attempting  to  trace  the  bacteria  demonstrable  in  sections  of  the  lungs.  It 
is  a  very  laborious  process,  and  one  about  which  you  do  not  see  very  much 
said  in  the  reports  of  the  laboratories.  I  think  in  general  there  is  a  very 
wide  variation  in  what  one  will  find  using  Gram's  stain,  carbol-fuchsin,  etc., 
in  studying  these  lungs.  Some  lungs  show  no  bacteria,  that  is,  in  the  por- 
tions which  come  in  the  section.  Others  show  a  tremendous  overgrowth  of 
staphylococcus,  pneumococcus  or  streptococcus.  There  are  all  variations.  In 
not  a  few  one  can  find  a  few  Gram-negatives,  along  with  an  overgrowth  of 
Gram-positives,  leading  to  the  conclusion  that  it  is  the  Gram-negative  organ- 
isms which  sweep  over  first,  then  disappear,  and  are  replaced  by  the  Gram- 
positive  types. 

In  regard  to  Dr.  Cole's  question  of  the  round  celled  and  perivascular 
infiltration  that  is  present,  I  understand  that  every  time  one  says  "  broncho- 
pneumonia "  he  means  a  lesion  affecting  the  walls  of  the  bronchioles  and  the 
walls  of  the  air  vesicles  immediatel}-  surrounding  them,  and  that  this  infiltra- 
tion is  essentially  an  interstitial  process.  The  infiltration  consists  of  round 
cells,  bmphocytes,  and  plasma  cells.  The  process  is  essentially  a  productive 
inflammation.  I  think  Delafield  interpreted  it  correct^.  In  addition  to  the 
interstitial  inflammation,  there  is  nearly  always  an  acute  purulent  catarrhal 
exudate  into  the  lumina  of  the  bronchioles,  and  that  is  present  in  practically 
every  one  of  the  lungs  studied.  The  point  Dr.  Cole  makes  as  to  the  exist- 
ence of  an  essential  and  specific  anatomical  lesion  in  influenza  seems  to  me 
is  the  essential  point  in  the  whole  discussion.  If  we  could  establish  that  there 
is  an  essential  lesion  in  influenza-pneumonia  then  we  could'  go  a  long  way 
toward  determining  the  relation  of  these  different  types  and  form  the  basis 
for  the  bacteriological  study.  Now  there  appear  to  be  sufficient  data  on 
which  to  construct  a  specific  lesion  for  the  lungs  in  influenza.  I  think  it  con- 
sists of  a  purulent  bronchiolitis  with  bronchopneumonia  limited  to  the  tissue 
immediately  around  the  bronchioles,  uniform,  and  involving  the  finest  rami- 
fications of  the  bronchioles.  That  I  think  is  pretty  nearly  a  specific  thing 
from  the  anatomical  standpoint.  We  may  not  be  able  to  recognize  the  condi- 
tion clinically.  But  its  bacteriology  has  not  been  settled  yet,  although  from 
some  sources  it  is  said  that  if  you  get  an  earlj-  lesion  you  will  find  the 
influenza  bacillus  in  practically  pure  culture  in  the  pus  from  the  bronchioles. 
I  think  all  this  points  to  the  conclusion  that  the  lesion  w^iich  I  have  described 
is  the  specific  thing  in  what  you  call  influenza.  The  fact  that  this  lesion  often 
occurs  in  measles  does  not  indicate  that  measles  and  influenza  are  the  same 
disease,  but  merely  suggests  that  such  post-measles  pneumonias  are  influenza 
grafted  on  measles.  In  regard  to  abscesses  in  the  lungs,  I  heard  that  state- 
ment from  several  sources,  and  can  only  partty  confirm  it.  Subpleural  pus  is 
present  in  practically  all  cases  of  empyema,  but  it  is  a  lesion  which  I  w^ould 
not  call  an  abscess  at  all.  What  you  see  is  a  phlegmonous  lymphangitis, 
spreading  so  widely  as  to  resemble  a  phlegmonous  erysipelas,  and  not  an 
abscess.  The  lung  tissue  is  not  destroyed ;  it  is  widely  spread  apart  by  pus 
and  edema,  but  there  is  no  destruction  of  the  tissue. 
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For  some  years  I  have  been  encountering  in  material  curetted 
from  bone  tumors  a  structure  which  differed  markedly  from  that 
of  osteogenic  sarcoma,  was  not  identical  with  any  known  form 
of  myeloma,  and  which  had  to  be  designated  by  the  vague  term 
**  round  cell  sarcoma"  of  unknown  origin  and  nature.  I  had  no 
opportunity  of  following  the  course  or  learning  the  outcome  of 
these  cases,  as  most  of  them  were  treated  by  amputation  of  the 
limb. 

Recentlv  a  case  came  under  observation  at  the  Alemorial  Hos- 
pital which  revealed  that  this  tumor  is  highly  susceptible  to 
radium,  a  fact  that  convinced  me  that  the  disease  was  entirely 
different  from  osteogenic  sarcoma,  which  resists  treatment  by  the 
physical  agents. 

The  story  of  this  case  is  briefly  as  follows : 

A  fourteen-year-old  girl  had  been  treated  by  an  outside  physician  in 
1918  for  nasal  discharge  and  occasional  bleeding.  Some  ocular  symptoms 
led  to  the  suggestion  of  congenital  lues,  and  a  Wassermann  '•eaction  being 
weakly  positive,  salvarsan  was  administered.  In  November,  1918,  while  pull- 
ing on  a  rope,  a  spontaneous  fracture  of  the  ulna  occurred,  followed  by 
swelling  which  gradually  subsided.  In  January,  1919,  the  swelling  recurred 
and  continued  with  pain  and  disability  until  a  well-marked  tumor  occupied 
the  upper  part  of  the  arm.  This  tumor  was  noted  to  fluctuate  in  size.  The 
veins  of  the  skin  were  dilated,  and  the  appearance  led  to  the  diagnosis  of 
osteogenic  sarcoma.  Eight  injections  of  Coley's  toxins  were  administered 
at  Mount  Sinai  Hospital,  without  notable  effect. 

On  April  twelfth  at  the  Memorial  Hospital  a  radium  pack  of  12.760  mil- 
licurie  hours  was  applied  to  the  arm,  and  followed  by  two  other  packs  at 
intervals  of  two  weeks.  The  tumor  began  to  recede  at  once  and  at  the 
end  of  five  weeks  no  external  swelling  remained. 

On  admission  the  radiograph  showed  a  peculiar  diffuse  fading  of  the 
upper  half  of  the  shaft  of  the  radius,  and  a  faint  line  from  the  old  fracture. 
The  outline  of  the  slightly  swollen  shaft  was  smooth  (Fig.  i)  ;    there  was  no 
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bont'  formation,  no  point  of  perforation,  or  area  of  erosion  of  the  shaft,  all 
of    wliich    features   told   against   osteogenic    sarcoma.     The   prompt   recession 


Fig.   I.     Dififuse  endothelioma  of  radius.     Diffuse  absorption  of  shaft;  spon- 
taneous fracture;    invasion  of  soft  parts. 

under  radium  was  also  quite  unlike  our  experience  with  osteogenic  sar- 
coma (Fig.  2).  With  the  recession  of  the  tumor  the  shaft  was  well  re- 
stored and  normal  function  regained.  The  patient  left  the  hospital  with 
instructions  to  return  weekly  for  observation,  which  was  continued  for 
several  months. 


Fig.   2.      DifYuse   endothelioma   of    radius.     After    radium    treatment. 


The  patient  then  came  under  the  care  of  her  original  physician  who 
noted  persistence  of  the  nasal  and  ocular  symptoms,  and,  regarding  the 
tumor  of  the  radius  as  luetic,  he  instituted  vigorous  treatment  by  salvarsan. 
The  injections,  however,  were  followed  by  severe  toxic  symptoms,  vomiting, 
bloody  urine,  collapse,  and  progressive  anemia.  Later  injections  of  caco- 
dylate  of  sodium  were  administered  for  the  anemia.  The  patient  failed 
steadily  and  the  tumor  of  the  arm  began  to  reappear.     There  was  now  an 
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irregular    fever    up    to    103°    F.      The    urine    failed    to    show    Bence-Jones 
protein. 

In  October,  1920,  the  patient  returned  to  the  Memorial  Hospital  with 
a  definite  recurrence  of  the  tumor,  and  owing  to  the  conflict  of  opinion. 
a  portion  of  tissue  was  removed  for  diagnosis.  It  proved  to  be  a  round  cell 
growth  of  the  above-mentioned  type.  Other  tumors  had  now  appeared  plainly 
in  the  skull.  There  was  exophthalmos.  The  eye  grounds  showed  choked 
disc  and  nerve  atrophy.  The  radiograph  of  the  lungs  was  negative. 
Anemia  and  cachexia  progressed  rapidly,  and  death  occurred  on  December 
23,   1920.     The  total  duration  was  about  thirty  months. 

During-  the  past  four  months  I  have  seen  six  other  cases  of 
this  disease.  They  occurred  in  subjects  from  fourteen  to  nine- 
teen years  of  age.  The  bones  affected  were  tibia,  uhia,  ischium, 
parietal  and  scapula.  The  tumors  grew  rather  slowly,  requiring 
some  months  to  attract  attention,  but  they  were  accompanied  by 
attacks  of  pain  and  disability.  One  boy  complained  only  of  inter- 
mittent attacks  of  pain  after  exercise  during  the  summer,  but  in 
November  a  smooth  swelling  appeared  over  the  upper  half  of  the 
leg.  Several  tumors  were  found  to  fluctuate  in  size,  a  symptom 
due  to  their  vascularity.     /\11  were  rather  painful  and  tender. 

The  radiographs  give  characteristic  features  on  which  a  diag- 
nosis may  be  based  with  considerable  certainty.  A  large  portion 
or  the  whole  of  the  shaft  is  involved,  but  the  ends  are  generally 
spared,  contrary  to  the  rule  with  osteogenic  sarcoma.  The  shaft 
is  slightly  widened,  but  the  main  alteration  is  a  gradual  dift'use 
fading  of  the  l3one  structure.  Bone  production  has  been  entirely 
absent.  Some  of  the  bones  appeared  honeycombed.  Perfora- 
tion of  the  shaft  and  sharp  limitation  of  the  process  are  wanting. 
The  central  excavation  with  widened  bony  capsule,  as  seen  in 
benign  giant  cell  tumors,  is  missing.  The  radiograph  is  there- 
fore rather  specific. 

Under  radium  treatment  the  tumor  recedes  and  the  shaft 
gradually  becomes  well  defined  with  little  deformity  and  no 
eccentric  bone  formation. 

In  seven  cases  the  tissue  was  examined  microscopically,  and 
in  all  the  structure  was  nearly  identical.  The  growth  was  com- 
posed of  broad  sheets  of  small  polyhedral  cells  with  pale  cyto- 
plasm, small  hyperchromatic  nuclei,  well-defined  cell  borders,  and 
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complete  aljsence  of  intercellular  material.  Hydropic  degenera- 
tion often  affects  large  islands  of  cells,  in  which  only  nuclei  and 
cell  borders  are  visible.  Necrosis  occurred  after  radium  appli- 
cations. There  is  very  little  desmoplastic  quality,  but  the  tumor 
cells  readily  infiltrate  muscle  and  pass  along  the  fascia?.  In  none 
were  pulmonary  or  other  forms  of  metastases  observed.  In  the 
case  cited  the  tumors  of  the  skull  were  regarded  as  primary  and 
of  long  standing.  In  some  sections  the  cells  were  of  increased 
size,  while  in  others  they  were  smaller  and  more  compact,  and 
approached  the  morphology  of  plasma  cells.  However,  no  defi- 
nite areas  of  plasma  cells  have  been  seen  in  any  case. 

The  proljable  endothelial  nature  of  the  tumor  was  suggested 
bv  tlie  f(irm  of  the  cclk.  and  (■-])rciall\-  1)\-  ilic  aupcaranci,'  in  Ijmad 
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Fig.    3.      Dit'tiisL    uul^ilu  li^iii  i    ><\    hmie.      Compact    structure    of    large    poly- 
hedral cells. 
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sheets  of  polyhedral  cells  without  intervening  stroma  (Fig.  3). 
This  origin,  however,  did  not  seem  to  be  fully  supported  unt'l  I 
encountered  sections  in  one  case  in  which  the  cells  were  found  to 
line  a  complex  series  of  fine  channels  inclosing  intact  blood  (Fig. 


Fig.    4.      Diffuse    endothelioma    of    bone.      Showing    blood    sinuses    lined    by 
tumor  cells. 

4).  Here  the  endothelial  character  of  the  cells  was  quite  pro- 
nounced, but  they  were  much  smaller  than  those  occurring  in 
angio-endothelioma.  with  which  this  tumor  is  doubtless  closely 
related.  In  other  portions  of  the  same  growth  the  cells  appeared 
in  diffuse  sheets  without  capillary  lumina.  as  seen  in  the  other 
tumors  of  the  series. 

The  exact  point  of  origin  of  the  growth  is  not  clear,  but  the 
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early  rarefaction  of  the  bone  indicates  that  the  disease  l^ei^ins  in 
the  blood  vessels  of  the  l)one  tissue,  ^"et  an  involvement,  simul- 
taneous or  early,  of  the  vessels  of  the  bone  marrow  can  not  be 
excluded.  In  the  discussions  of  multiple  endothelioma  in  the 
literature  some  authors  thought  they  could  trace  the  origin  to  the 
vessels,  blood  or  lymph,  of  the  periosteum.  Many  multiple 
endotheliomas,  as  in  Marckwald's  case,  have  appeared  well  within 
the  bone  marrow. 

The  designation  of  the  tumor  as  endothelioma  rather  than  as 
myeloma  seems  advisable,  since  myeloma  is  properly  reserved 
for  tumors  derived  from  the  specific  cells  of  bone  marrow. 

The  possible  relation  of  the  endothelial  tumor  to  plasma  cell 
or  other  forms  of  multiple  myeloma  deserves  consideration,  but 
the  CA'idence  at  present  available  indicates  that  the  two  processes 
are  distinct.  I  have  found  no  definite  plasma  cells  in  any  of  the 
specimens.  Plasma-cell  myeloma  is  nearly  always  multiple  and 
often  very  widespread.  Bence-Jones  protein  has  not  appeared 
in  any  of  the  cases  of  endothelioma,  but  is  often  absent  in  mye- 
loma. Multiple  myeloma  also  perforates  the  bone  rapidly  and 
destroys  it  completely,  while  these  tumors  cause  slow,  rather  dif- 
fuse rarefaction. 

A  relation  to  the  angio-endotheliomas  and  other  forms  of 
endothelioma,  solitary  and  multiple,  described  in  the  literature, 
must  be  assumed  to  exist.  Most  of  these  tumors  accessible  in 
the  literature  have  occurred  in  adults  and  were  clearly  recognized 
as  endothelioma.  All  the  tumors  of  the  present  series  have  oc- 
curred in  children,  and  with  one  exception  they  have  been  solitary. 

The  main  point  of  the  present  communication  lies  in  the  dem- 
onstration that  there  is  a  rather  common  tumor  occurring  in 
young  subjects,  commonly  identified  with  osteogenic  sarcoma, 
and  usually  called  round  cell  sarcoma,  which  is  really  of  endo- 
thelial origin,  and  which  is  marked  by  such  peculiar  gross  ana- 
tomical, clincal,  and  therapeutic  features  as  to  constitute  a  specific 
neoplastic  disease  of  bone. 
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A  CASE  OF  THYMOMA 


TAMES   EWIXG.   M.D. 


The  case  I  have  to  present  I  call  thymoma  for  want  of  a 
better  term,  rather  than  from  any  positive  conclusion  that  it  be- 
longs in  this  category.  The  specimen  comes  from  a  man  thirty- 
nine  years  of  age.  who  began  to  sutler  a  little  over  three  years 
before  his  death  from  swelling  of  the  cervical  lymph  nodes,  which 
was  the  only  symptDUi  that  attracted  attentitjn.  He  had  suffered 
from  these  swollen  nodes  for  about  a  year  before  any  attention 
was  drawn  to  his  chest.  Then  it  was  thought  he  had  a  mediastinal 
tumor.  He  was  treated  by  various  internal  methods  for  another 
year,  when  he  reached  Xew  York,  and  here  the  presence  of  a 
mediastinal  tumor  was  demonstrated.  He  arrived  at  the  ]\Iemo- 
rial  Hospital  about  three  months  before  his  death.  At  that  time 
he  showed  traces  of  the  original  enlargements  of  the  cervical 
lymph  nodes.  These  were  reduced  by  radium  and  x-vrv  treat- 
ment, but  the  thymic  tumor  persisted.  It  was  somewhat  reduced 
in  size,  according  to  the  .r-ray  plates,  during  his  stay  in  the  hos- 
pital, but  did  not  disappear.  At  the  beginning  of  his  stay  in  the 
hospital  abdominal  palpation  indicated  that  he  had  some  swell- 
ing in  the  abdominal  region,  and  these  abdominal  signs  increased 
rapidly,  so  that  after  a  time  it  was  possible  to  demonstrate  that 
the  pelvis  was  filled  with  a  tumor.  This  continued  to  grow,  and 
all  during  this  period  he  suffered  from  progressive  anemia.  He 
had  no  specific  signs  of  myasthenia  gravis.  He  died  with  svmp- 
toms  of  asphyxia  and  with  a  cachexia  which  went  with  the  pro- 
gressive anemia.  A  point  that  should  be  emphasized  is  that  for 
at  least  two  years  he  was  regarded  as  a  case  of  Hodgkin's  disease. 

At  autopsy  cjuite  a  remarkable  condition  w^as  present.     The 
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lymph  nodes  of  tlie  neck  were  not  jialpaljle.  The}-  were  repre- 
sented l)y  small  ])ea-size(l  nodnles,  more  or  less  sclerotic.  In  the 
region  of  the  thymus  was  a  solid,  rather  soft,  very  opac|ue.  light 
yellow,  hut  not  distinctly  lemon  colored,  tumor  mass  measuring 
(^  X  8  X  5  cm.,  capping  the  pericardium,  composed  of  very  numer- 
ous, more  or  less  discrete  nodules,  surrounding  a  considerahle 
portion  of  the  trachea  and  the  great  vessels.  The  mucous  mem- 
brane over  several  inches  of  the  trachea  and  bronchi  showed  sub- 
mucous inhltration.  The  main  mass  appeared  in  the  abdomen 
and  ])resented  almost  a  continuous  growth  from  the  bottom  of 
the  peh'is,  surrounding  the  rectum,  running  u])  in  a  continuous 
mass  along  the  great  vessels,  adherent  to  the  spinal  column,  sur- 
rounding the  kidneys,  but  limited  l)y  the  renal  capsule,  surround- 
ing the  pancreas,  which  ran  through  the  tumor  without  any  signs 
of  compression,  and  running  up  into  the  nodes  at  the  celiac  axis. 
It  is  difficult  if  not  impossible  to  determine  the  origin  of  this 
tumor.  From  the  clinical  standpoint  the  evidence  is  strongly  in 
favor  of  a  primary  mediastinal  tumor,  because  during  the  ob- 
servation of  the  patient  before  he  reached  New  York,  attention 
had  been  specifically  drawn  to  the  presence  of  a  mediastinal 
tumor,  and  this  was  (juite  easily  demonstral)le  Ijy  the  .r-ray  plate. 
It  was  only  within  the  last  three  months  of  his  life  that  the  pelvic 
and  abdominal  tumors  could  be  recognized.  A  careful  anatom- 
ical study  of  the  mediastinal  growth  gi\"es  only  suggestive,  but 
not  positive,  evidence  that  we  have  a  primary  thymic  tumor.  The 
next  piece  of  evidence  might  come  from  the  histological  struc- 
ture, but  the  tumor  does  not  show  the  characteristic  structure 
presented  by  some  thymic  tumors.  That  structure  shows  lympho- 
cytes in  a  peculiar  stroma  in  which  giant  reticuhim  cells  are  very 
prominent.  The  structure  of  this  tumor  presented  a  rather  dif- 
fuse growth  of  cells  larger  than  lymphocytes,  with  large  nuclei, 
and  with  a  strong  tendency  to  fasten  themselves  to  the  strands  of 
connective  tissue  making  up  the  stroma.  I  am  convinced  that 
we  are  not  dealing  with  a  simple  lymphosarcoma,  either  lympho- 
cytoma  or  reticulum  cell  sarcoma,  but  I  am  not  able  to  assert  that 
the  tumor  arises  from  the  thymus.  I  think  that  the  clinical  evi- 
dence and  the  anatomv  of  the  disease  favor  the  diagnosis  of  a 
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tumor  of  the  tliynms.     The  structure  does  differ  from  that  of  a 
simple  lymphosarcoma. 

One  has  to  recognize  three  histological  structures  in  thymic 
tumors.  One  has  been  called  by  the  iM'ench  ol)servers  "thymic 
carcinoma."  It  is  made  up  of  polyhedral  cells,  often  alveolar  in 
arrangement,  and  without  any  doubt  derived  fmm  the  epithelial 
reticulum  cells  of  the  gland.  Tliere  is  another  tumor  made  up  of 
lymphocytes  derived  from  the  l}'mphocytes  of  the  thvmus.  and 
properly  regarded  as  the  thymic  form  of  lymi)hocytoma.  There 
is  a  third  group,  concerning  the  nature  of  which  I  am  not  i)re- 
pared  to  make  any  dogmatic  statements.  It  is  a  very  cellular  and 
malignant  tumor  composed  of  cells  that  are  rounded,  irregular, 
larger  than  l_\-mphoc}tes.  with  large  hyperchromatic  nuclei  show- 
ing a  tendency  to  attach  themselves  to  the  stroma  with  a  certain 
polarity.  That  structure  does  not  l)elong  to  lymphosarcoma.  I 
am  inclined  to  think  that  we  have  here  to  deal  with  a  tumor  de- 
rived from  the  reticulum  cells  of  the  th}"mus.  but  more  anaplastic 
than  the  ordinary  carcinomas  of  the  thymus,  and  hence  growing 
more  diffusely.  If  this  conclusion  is  correct,  then  there  are  two 
types  of  tumors  derived  fri»m  the  stroma  cells,  which  are  epi- 
thelial in  origin,  and  one  derived  from  the  lymphocvtes.  These 
very  cellular  thymic  tumors  have  been  described  in  the  literature, 
and  they  have  regularly  disseminated  widely  and  produced  bulky 
growths. 
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The  knowledge  of  tumors  of  bone  and  bone  marrow  is  still  in  the 
descriptive  stage.  To  reach  a  correct  histologic  diagnosis  of  the  case 
and  to  provide  some  conception  of  the  probable  clinical  course  are  all 
that  can  be  expected  at  the  present  time,  and  often  more  than  is 
accomplished.  The  separation  of  the  numerous  tumors  of  this  group 
into  well-defined  clinical  and  pathologic  entities  is  far  from  complete, 
while  knowledge  of  the  exact  origins  of  these  tumors  and  of  their 
\arious  exciting  and  contributing  causative  factors  is  extremely  frag- 
mentary, or,  indeed,  wholly  lacking.  Moreover,  with  the  present 
trend  of  medical  research,  the  prospects  are  not  favorable  to  important 
progress  in  this  field.  Serology,  immunology,  chemistry,  studies  in 
nutrition,  and  the  use  of  modern  instruments  of  precision  have  con- 
tributed little  and  promise  little  in  the  study  of  bone  tumors.  Abundant 
clinical  material,  wide  clinical  experience,  and  knowledge  of  the 
embryology-,  physiology  and  pathology  of  bone,  are  the  more  essential 
qualifications  for  successful  investigation  in  this  field. 

Such  studies  call  for  clinical  observation  by  the  surgeon,  and 
morphologic  research  by  the  pathologist,  by  each  of  whom  the  work 
must  be  carried  out  on  a  broad  and  systematic  plan.  The  surgeon 
must  provide  complete  clinical  pictures  of  the  dift'erent  neoplastic 
diseases  of  bone;  and  the  pathologist  must  discover  the  origin,  the 
predisposing  anatomic  conditions,  the  mode  of  growth,  and  the  general 
etiologic  factors,  if  an  efifective  knowledge  of  these  diseases  is  to  be 
attained.  When  this  knowledge  has  been  secured,  it  will  still  be  neces- 
sary to  devise  means  for  its  dissemination  so  that  it  may  become 
efifective  in  controlling  the  mortality  and  possibly  the  incidence  of  these 
diseases. 

For  this  purpose  a  uniform  nomenclature  is  highly  desirable  or 
essential ;  and  the  main  clinical  and  morphologic  features  of  the  dif- 
ferent bone  tumors  must  be  clearly  presented  in  accessible  form. 
The  present  article  is  intended  as  a  contribution  toward  this  end. 

CLASSIFICATION     OF     TUMORS     OF     BONE     AND     BONE      MARROW 

In  the  legitimate  classification  of  tumors  of  bone  only  those  neoplastic 
diseases   which   clinical   experience   shows   actually   to   occur   must   be 


recognized.  'I\)  (li\i(le  the  tissues  into  their  constituent  cells  and  to 
classify  tumors  l)lindly  according  to  the  possible  cells  of  origin  is 
unsound  and  unser\iceable.  Most  tumors  are  not  simple  structures 
composed  of  a  single  cell,  but  are  comi)lex  and  become  simple  growths 
only  in  anaj^lastic  metastases.  Moreover,  the  tumors  do  not  develop 
at  random.  They  arise  under  c^uite  definite  conditions,  which  usually 
determine  their  course,  and  these  conditions  must  be  considered  in  a 
classification.  The  classification  must  be  both  clinical  and  anatomic. 
If  a  central  chondrosarcoma  arises  from  an  aberrant  superfluous 
island  of  cartilage  misplaced  by  a  rachitic  process,  then  this  disease 
may  be  recognized  as  a  specific  entity.  If  an  osteogenic  sarcoma  arises 
at  an  epiphyseal  line  from  traumatic  partial  separation  of  the  epiphysis, 
or  because  of  some  structural  defect,  it  also  becomes  a  specific  entity 
which  deserves  to  appear  in  classification.  On  the  other  hand,  if  in 
the  foregoing  examples,  considerable  variations  in  structure  of  the 
tumors  are  observed  in  dififerent  cases  which  run  much  the  same  clinical 
course,  it  is  unwarranted  to  subdivide  such  tumors  because  of  minor 
structural  variations,  since  they  remain  essentially  the  same  diseases 
in  origin,  course,  and  general  significance.  The  practice  of  designating 
bone  tumors  simply  as  round,  spindle,  or  giant  cell  is  c|uite  inadeciuate 
to  define  the  disease  properly.  Nearly  all  malignant  tumors  show  all 
these  types  of  cells  at  difl:'erent  periods  or  in  dift'erent  portions.  When, 
however,  the  disease  has  been  identified,  for  example,  as  osteogenic 
sarcoma,  the  further  designation  of  cell  type  (spindle,  etc.),  is  useful  to 
indicate  the  degree  of  anaplasia  or  potential  malignancy  of  the  tumor. 
To  a  considerable  extent,  it  is  possible  to  classify  bone  tumors  according 
to  the  foregoing  plan,  while  increasing  knowledge  will  serve  to  correct 
errors  as  they  come  to  light.  Only  such  a  classification  will  be  of 
service  to  both  clinician  and  pathologist.  Accordingly,  one  may  recog- 
nize the  forms  of  neoplastic  diseases  originating  in  bone  and  bene 
marrow  given  in  the  accompanying  classification. 

Classification   of   Bone   Tumors 

r  Pure  chondroma    1    f  Capsular 
Chondroma    -|  Chrondromyxoma   -  i  Periosteal 
[  Myxoma  J    [  Central 

Angioma  :  Cavernous 

T^    ,   ,1    ,-  (  Angio-endothelioma  I    f  Solitary 

Endothelioma  ■,  ^-^^^^^  ^   ^  Un\Up\e 

■n      •       r-     i     1      f  1.  Bone  cyst 
Bemgn  Central         3.  Giant  cell  tumor 


Giant   Cell   Tumor 
and    Its    Variants 


3.  Xanthosarcoma 

4.  Myxosarcoma  (lienign) 


[Periosteal   (extraperiosteal) 
^  .     ^  Solid  medullary  and  suliperiosteal 

Osteogenic  Sarcoma     Telangiectatic 

[  Sclerosing 

(Plasma  cell 
Lymphocytic 
Myelocytic 
Erythroblastic 

The  inclusion  of  pure  myxoma  under  the  heading  chonch'oma  appears 
to  he  indicated  hecause  of  the  great  probahiHty  that  all  pure  myxomas 
of  bone  are  derived  originally  from  cartilage.  The  myxomas  may  be 
more  difficult  to  eradicate  surgically  than  chondromas  but  they  do  not 
exhibit  any  greater  potential  malignancy.  Under  the  benign  giant 
cell  tumors,  which  must  usually  be  regarded  as  secpelae  of  osteitis 
fibrosa  cystica,  are  included  for  convenience  sake,  simple  bone  cysts. 
These  lesions  are  not  tumors ;  but  Martland  has  shown  that  the  simple 
cyst  may  result  from  the  spontaneous  degeneration  and  softening  of  a 
giant  cell  tumor. 

The  existence  of  telangiectatic  osteogenic  sarcoma  as  a  distinct 
disease  has  not  yet  gained  general  acceptance.  However,  I  am  convinced 
that  this  lesion  is  one  of  the  most  specific  of  bone  tumors,  both  in  its 
gross  anatomy  and  in  its  clinical  course.  One  type  of  malignant  bone 
aneurysm  is  a  vascular  osteogenic  sarcoma.  Its  possible  relation  to 
cavernous  angioma  must  be  considered.  In  spite  of  recent  contributions 
to  the  contrary  I  believe  that  the  existence  of  four  specific  types  of 
myeloma  is  firmly  established.  Wallgren,^  however,  concludes  that  all 
myelomas  arise  from  a  single  primitive  marrow  cell.  Of  the  groups  of 
tumors  mentioned  above,  I  shall  discuss  only  the  cellular  forms  in  the 
present  paper. 

Outline  of  the  Clinical,  Anatomic  and  Structural  Features 
OF   Some  Common   Bone  Tumors 

endothelioma 

The  knowledge  of  endothelioma  of  bone  has  reached  a  stage  which 
calls  for  definite  recognition  of  this  disease.  The  condition  is  generally 
submerged  under  the  general  diagnosis  of  round  cell  sarcoma  or 
myeloma,  since  both  are  composed  of  small  diffusely  growing  cells  with 
round  nuclei.  Having  seen  ten  cases  within  the  past  year,  I  cannot 
regard  it  as  a  rare  disease.  Three  anatomic  forms  may  be  recognized : 
(1)  multiple  endothelioma;  (2)  solitary  angio-endothelioma,  and  (3) 
diffuse  endothelioma. 

1.  Multiple  endothelioma,  in  which  nearly  every  bone  in  the  body 
was   the    seat   of   small   medullary   tumors,   occurred   in   a   remarkable 
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case  described  b}-  Alarckwald.  It  i>  the  only  recorded  case  of  its 
kind.  Symmers  and  Vance  -  have  described  a  somewhat  similar  case,  and 
multiple  tumors  in  much  smaller  numbers  have  often  been  observed. 
In   several   of  the  cases  collected  by  Howard   and   Crile,  there  were 


Fig.  1.— Angio-endothflioma  of  bone. 
multiple  tumors.     \\'hether  the  several  tumors  were  primary  or  secon- 
dary and  metastatic  from  one  original  growth  cannot  be  determined; 
but  multiple  primary  tumors  undoubtedly  occur.    They  appear  in  adults 

2.  Symmers.  D..  and  X'ance,  M. :    Am.  J.  M.  Sc.  152:28  (July)   1916. 


and  nearly  all  have  been  fatal.  Metastases  in  lungs  and  lymph  nodes 
occur.  It  does  not  appear  that  any  have  been  treated  by  modern 
roentgen-ray  technic.  The  diagnosis  rests  on  the  roentgenogram,  which 
shows  multiple  central  tumors  with  diffuse  absorption  of  bone.  Multiple 
myelomas  are  much  more  numerous  and  sharply  perforate  the  bone. 
The  structure  consists  of  endothelial-like  cells  in  small  groups  or  sheets, 
often  forming  alveoli  and  sometimes  cysts  containing  serous  or 
mucinous  fluid. 

Wells  has  recently  described  a  multiple  endothelioma  in  which 
isolated  small  groups  of  cells,  similar  to  those  described  by  Marckwald, 
appeared,  which  seemed  to  be  derived  from  the  blood  vessels  of  atrophic 
and  mucinous  bone  marrow. 


Fig.  2. — Structure  of  angio-endotlielioma  of  Ijone. 

2.  Angio-endothelioma  usually  appears  as  a  single  tumor  which 
sharply  and  completely  destroys  the  bone  and  often  reaches  large 
dimensions  (  Fig.  1 ).  Its  expansile  pulsation  places  it  among  the  malig- 
nant bone  aneurysms.  The  roentgen  ray  shows  a  clean  cut  destruction  of 
bone  by  a  central  tumor  which  displaces  and  eventually  invades  the 
soft  parts.  There  is  no  bony  capsule  and  the  periosteum  is  free.  This 
disease  returns  after  amputation  and  produces  metastases.  It  grows 
much  more  rapidly  than  the  benign  central  giant  cell  tumor,  but  can 
hardly  be  distinguished  from  telangiectatic  sarcoma  on  clinical  and 
roentgen-ray  evidence.  From  the  ordinary  osteogenic  sarcoma  it  differs 
in  that  it  fails  to  show  a  wide  zone  of  involved  periosteum  extending 
beyond  the  main  tumor  mass.  These  differences  are  rendered  obvious 
by  a  comparison  of  the  photographs  of  gross  specimens  with  roentgen- 


ograms.  The  structure  is  highly  characteristic,  consisting  of  large 
clear  endothelial  cells  in  cords  and  columns  inclosing  circulating  blood 
(Fig.  2).    The  subjects  are  chiefly  adults. 

3.  Solitary  ditYuse  endothelioma  occurs  in  young  subjects,  all  of 
my  patients  being  under  21  years  of  age,  five  of  them  being  14  years 
old.  The  bones  involved  were  :  ulna,  twice  ;  radius,  once ;  tibia,  twice  ; 
scapula,  once;  skull,  once;  pubes,  twice,  and  femur,  once.  It  begins 
slowly,  with  pain  and  gradually  developing  disability.  After  several 
months,  spoiitaneous  fracture  may  occur.  Transient  variations  in  size  of 
the  tumor  have  been  noted  and  may  prove  very  deceptive  both  to  the 
patient  and  to  the  physician.  One  patient  died  from  metastases  after 
amputation.  Another  developed  multiple  tumors  of  the  skull.  Bence- 
Jones  protein  was  found  in  one  case  only.  The  tumors  develop  in  the 
marrow  or  in  the  bone  or  in  both.  The  shaft  is  widened  and  slowly 
absorbed  without  a  trace  of  bone  production.  The  soft  tissues  are 
gradually  invaded.  The  most  striking  feature,  best  revealed  by  the 
roentgen  ray,  is  the  involvement  of  a  large  segment  or  the  whole  of  the 
shaft,  which  distinguishes  the  process  from  osteogenic  sarcoma  and  the 
giant  cell  tumor.  This  location^  together  with  the  smooth  fading  of  a 
slightly  widened  shaft,  generally  permits  a  diagnosis  from  the  roentgeno- 
gram alone  (Fig.  3).  The  differential  diagnosis  from  the  benign  giant 
cell  tumor  and  from  osteogenic  sarcoma  is  assured  if  the  tumor  recedes 
rapidly  under  roentgen-ray  or  radium  treatment.  True  myelomas,  how- 
ever, may  respond  in  the  same  manner.  The  structure  presents  diffuse 
sheets  of  small  polyhedral  cells  with  clear  cytoplasm,  without  inter- 
vening stroma,  often  undergoing  mucoid  or  hydropic  degeneration  (Fig. 
4).  Zenker's  solution  best  preserves  the  cell  form.  After  poor  fixation, 
the  tissue  resembles  that  of  a  myeloma  or  "round  cell  sarcoma."  That 
the  cells  are  endothelial  is  shown  by  the  appearance  in  some  cases  of 
many  spaces  lined  by  tumor  cells  and  filled  with  intact  blood.  The 
structure  may  approach  that  of  angio-endothelioma  or  it  may  verge  on 
myeloma.  Plasma  cells  are  absent  or  scanty  and  uncertain ;  but  the 
possible  relation  of  this  tumor  to  plasma  cell  myeloma  remains  to  be 
determined. 

The  importance  of  recognizing  this  tumor  lies  in  the  fact  that 
amputation  is  probably  unnecessary,  because  the  tissue  is  remarkably 
susceptible  to  the  roentgen  ray  and  radium.  The  prognosis  is,  how- 
ever, complicated  by  the  occurrence  of  multiple  tumors  and  metastases. 
One  of  my  patients  died  with  multiple  tumors  of  the  skull  which 
were  believed  to  be  primary,  and  another  is  said  to  have  died  with 
pulmonary  metastases  after  amputation  of  the  arm. 

The  comparative  frequency  of  this  disease  renders  it  one  of  the 
most  important  of  bone  tumors.     Since  the  structure  is  quite  different 


Fig.  3.— DIffiKse  ciulothclioma  ut  ulna. 
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from  that  of  the  easily  recognized  endotheliomas  with  blood  channels, 
alveoli  and  cystic  spaces,  it  appears  clear  that  the  cases  are  not  recog- 
nized as  endothelioma,  but  are  classed  as  round  cell  sarcoma  or 
myeloma.  Since  solitary  myeloma  is  not  a  frequent  diagnosis,  most 
of  the  cases  probably  pass  as  round  cell  sarcoma.  Unless  the  pathologist 
is  familiar  with  the  structural  details  of  diffuse  endothelioma,  he 
will  invariably  render  a  diagnosis  of  round,  or  possibly  small,  spindle 
cell  sarcoma,  or  myeloma,  in  these  cases.  I  have  been  making  this 
error  myself  for  many  years,  although  I  was  long  aware  that  the 
tumors  did  not  correspond  to  any  known  form  of  bone  cell  or  bone 
marrow  cell  neoplasm.  That  the  tumors  are  not  osteogenic  sarcoma 
became    apparent    when    their    prompt    recession    under    radium    was 
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Fig.  4. — UitUisL'    endiitlR-li 
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observed,  for  oseogenic  sarcoma  reacts  slowly  to  radium.  That  the 
growths  are  of  endothelial  nature  was  strongly  suggested  by  the  appear- 
ance of  broad  sheets  of  clear  polyhedral  cells  without  a  trace  of 
intercellular  stroma.  This  origin  was  finally  demonstrated  by  the 
observation  of  a  case  in  which  the  usual  diffuse  structure  was  present 
in  much  of  the  material  removed  at  exploratory  operation,  while  in 
other  portions  the  growth  was  composed  exclusively  of  blood  spaces 
filled  with  intact  b'ood  and  lined  by  large  clear  endothelial  cells. 

The  apparent  Hmitation  of  the  disease  to  young  patients  is  one  of 
its  most  interesting  and  suggestive  features.     Of  the  twenty  cases  of 
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eiulothelidina  collected  by  Howard  and  Crile,-'  three  occurred  in 
patients  under  20  years  of  age.  One  of  these  in  the  femur  of  a  girl 
of  9  years,  with  other  tumors  in  the  skull,  approached  in  structure 
the  diffuse  type,  the  blood  spaces  being  lined  by  from  live  to  ten  rows 
of  cells.  In  Kolaczek's  patient,  18  years  of  age,  a  very  large  tumor  of 
the  tibia  was  in  part  composed  of  spindle  cells,  and  in  part  of  alveolar 
endothelioma.  Crile's  patient,  at  11  years,  showed  alveoli  and  well 
dehned  lymph  spaces.  As  Crile  points  out,  the  angio-endotheliomas 
occur  with  few  exceptions  after  the  period  (40  years)  when  osteo- 
genic -arcoma  is  most  frequent.  They  often  develop  in  patients  of 
quite  advanced  years,  50  to  7z^,  when  osteogenic  sarcoma  is  practically 
unknown. 

These  observations  regarding  age  incidence  throw  no  light  on  the 
nature  of  the  underlying  conditions  in  the  bone  and  marrow  which 
lead  to  endothelioma ;  but  they  show  that  endothelioma  yields  somewhat 
different  results  at  dift'erent  periods  of  life. 

Much  further  exploration  of  the  dark  territory  of  the  general 
pathology  of  bone  and  bone  marrow  is  needed  before  one  can 
formulate  any  hypothesis  regarding  the  conditions  of  origin  of  these 
tumors.  Most  of  the  young  subjects  show  a  secondary  anemia,  without 
specific  characters.  Usually  the  skeleton  is  delicately  built.  A  history 
of  rickets  or  scurvy  or  other  notable  disorders  of  childhood  has  not  been 
elicited.  Six  of  my  ten  patients  were  Jews.  One  was  very  fat,  as 
were  also  his  two  brothers.  Signs  of  status  lymphaticus  were  not 
definitely  present. 

Regarding  the  choice  of'  treatment  of  this  disease.  I  wish  to 
emphasize  the  caution,  that,  while  the  dift"use  endotheliomas  of  young 
subjects  have  proved  uniformly  susceptible  to  heavy  radium  packs 
and  to  repeated  applications  of  roentgen  ray,  sufficient  time  has  not 
elapsed  to  determine  the  final  outcome  of  this  treatment.  The  tumors 
tend  to  recur  unless  treatment  is  continued  over  a  long  period.  The 
danger  of  metastases  during  treatment  must  be  considered.  On  die 
other  hand,  the  tendency  to  produce  metastases  appears  to  be  less 
prominent  than  in  the  case  of  osteogenic  sarcoma.  Many  of  the 
multiple  tumors  are  probably  primary,  so  that  amputation  is  often  futile. 
Hence  it  seems  justifiable  or  even  strongly  indicated  to  immobilize 
the  member  and  attempt  to  save  the  limb  or  life  by  physical  therapy. 
If  this  plan  is  adopted,  it  is  highly  important  to  avoid  incision  into 
the  tumor.  The  diagnosis  can  generally  be  made  on  the  clinical  history, 
the  peculiar  roentgenogram,  and  the  early  response  to  radium.  It 
may  be  of  interest  to  note  that  competent  observers  firmly  maintained 
that  some  of  my  cases  were  osteomyelitis,  while  one  patient  was 
persistently  treated  with  arsphenamin. 


3.  Howard  and  Crile:    Ann.  .Suro.  42:358,  1905. 
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BENIGN     C.IANT     CKI.L     TIMOR     AND     ITS     VARIANTS 

In  1852,  Nelaton  and  Robin,  in  a  well  illustrated  monograph,  clearly 
pointed  out  the  gross,  microscopic  and  clinical  features  of  this  benign 
iiimciir  a  mycloplacqucs,  contrasted  it  with  the  malignant  osteogenic 
sarcoma,  and  urged  conservative  treatment.  Gross,  also,  in  1868, 
clearly  described  the  disease  and  recognized  its  benign  nature.  These 
contributions  seem  not  to  have  been  widely  read ;  but  several  later 
writers,  especially  in  America,  have  described  the  disease  and  discussed 
it  as  an  important  novelty.  It  is  quite  apparent  also  that  many 
surgeons  and  pathologists  are  still  unfamiliar  with  the  important 
differences  that  separate  this  disease  from  osteogenic  sarcoma,  so  that 
many  limbs  have  been  unnecessarily  sacrificed  and  many  supposed  bone 
sarcomas  have  been  erroneously  assumed  to  be  operative  cures. 

The  knowledge  of  the  clinical  and  morphologic  characters  of  the 
common  benign  central  giant  cell  tumor  we  owe  chiefly  to  Nelaton 
and  Robin ;  but  it  has  long  been  felt  that  the  scope  of  these  tumors 
is  inadequately  defined.  Some  of  them  do  not  behave  like  benign 
neoplasms.  Gross  believed  that  he  observed  violations  of  the  rule  that 
they  never  produce  metastases.  Many  of  them  recur  after  operation 
and  infiltrate  the  soft  tissue  or  even  break  into  the  joints.  Also  the 
microscopic  diagnosis  occasionally  presents  serious  difficulties,  even 
for  the  experienced  observer.  It  is  the  variants  of  the  disease  which 
give  rise  to  difficulty. 

The  typical  forms  of  the  disease  seem  to  find  their  origin  mainly 
in  the  changes  produced  by  osteitis  fibrosa  cystica ;  and  the  simple  bone 
cyst  is  usually  found  as  a  part  of  localized  osteitis  fibrosa.  Osteitis 
fibrosa  affects  one  or  many  bones  and  produces  a  change  in  the  marrow 
marked  by  diffuse  overgrowth  of  spindle  cells,  loss  of  hematoblastic 
and  fat  cells,  absorption  of  cancellous  tissue  and  often  thinning  of 
the  shafts.  About  the  dissolving  bone  trabeculae  and  along  the  inner 
surface  of  the  shaft,  numerous  giant  cells  are  often  found.  Cysts 
form  in  the  new  tissue,  and  these  may  be  lined  by  giant  cells  and  filled 
with  serous  fluid.  Hemorrhages  readily  occur  in  the  cysts  and  the 
inflammatory  reaction  about  these  blood  masses  leads  to  the  growth  of 
granulation  tissue  in  which  are  often  many  giant  cells  and  disintegrating 
bone.  In  some  such  manner  the  ordinary  giant  cell  tumor  probably 
develops;  but  it  must  be  admitted  that  the  exact  mode  of  origin  of 
the  simple  tumors  has  never  been  certainly  traced.  Martland  *  has 
shown  that  simple  cysts  may  result  from  the  liquefaction  of  previous 
giant  cell  tumors.  I  have  evidence  that  some  giant  cell  tumors  result 
from  the  absorption  of  aberrant  islands  of  cartilage  with  neoplastic 
proliferation  of  the   released   cartilage   cells,   and   others.      It  appears 


4.  Martland,  H.  S.:    Proc.  New  York  Path.  Soc.  21:102,  1921. 
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Fig.   5. — Benign   central   giant   cell   sarcoma, 
shell  of  bone  and  multicystic  appearance. 
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also  tliat  any  simi)'.e  heniatiiiiia  (if  hone  marrow  may  lead  to  the  ])ro- 
(luciion  of  granulation  tissue  with  man\-  ^iant  cells.  Barrie's  designation 
"hemorrhagic  osteomyelitis"  would  not  lie  inept  for  some  of  these 
processes  if  it  did  not  suggest  an  intense  inflammatory  reaction.  This 
array  of  possible  initiatives  of  the  peculiar  tumor  tissue  is  not  incon- 
sistent \yith  the  variety  of  clinical  conditions  under  which  the  disease 
is  observed.  The  benign  giant  cell  tumor  is  of  wide  occurrence  as 
respects  age.  location,  multiplicity,  and  previous  history  of  the  patient, 
and  it  is  unlikely  that  it  always  arises  under  identical  conditions. 

1.  Typical  Benign  Central  Giant  Cell  Tumor. — This  is  a  character- 
istic condition.  It  occurs  usually  as  a  single  tumor  in  one  end  of  the 
tibia,  fibula,  humerus,  femur,  lower  jaw,  or  lower  end  of  the  radius, 
or  in  the  flat  bones.  It  progresses  slowdy,  with  pain,  swelling  and 
disability.  Spontaneous  fracture  may  result.  The  soft  parts  are  dis- 
placed. It  usually  begins  near  the  epiphyseal  line,  wdiere  the  cancellous 
tissue  is  absorbed  and  the  shaft  widened  by  a  globular  mass.  A  thin, 
sometimes  crackling,  shell  of  bone  is  regularly  laid  down  about  the 
advancing  tumor. 

The  roentgenogram  shows  a  multicystic  appearance,  with  destruc- 
tion of  the  shaft,  an  irregular  deposit  of  outlying  shell  of  bone  and 
sharp  limitation  from  the  soft  tissues.  Occurring  in  the  middle  of  a 
long  bone,  there  may  be  a  sharp  irregular  fracture  with  comparatively 
little  widening.  Beyond  the  tumor  the  periosteum  is  unafifected  (Figs.  5 
and  6). 

On  gross  examination  such  tumors  are  nearly  always  found  to  be 
cystic ;  or  the  central  portion  is  diffluent  and  filled  with  blood  detritus, 
chocolate  colored  fluid,  or  clear  serum.  The  texture  of  the  growth  is  that 
of  soft,  reddish,  vascular  granulation  tissue,  becoming  more  and  more 
dense  toward  the  periphery. 

The  structure  shows  an  abundance  of  giant  cells  with  many  small 
separate  nuclei.  They  appear  in  masses  or  they  surround  capillaries 
or  blood  spaces.  They  are  derived  from  the  vascular  endothelium 
but  participate  in  the  tumor  process,  sometimes  extensively.  The 
stroma  is  composed  of  many  capillaries  supported  by  a  moderate  number 
of  spindle  fibroblasts  with  nuclei  showing  normal  or  slightly  increased 
chromatin  (Fig.  7).  Tumors  of  this  type  are  always  strictly  benign, 
in  the  oncologic  sense,  although  they  may  lead  to  serious  clinical  dis- 
turbances. They  may  be  cured  by  curettage,  by  roentgen  ray  and 
radium,  and  some  of  them  disappear  spontaneously.  They  may 
become  transformed  into  simple  cysts.  They  are  prone  to  become 
infected  from  curettage  or  exploratory  incision,  and  a  progressive  cel- 
lulitis and  osteomyelitis  may  develop.  The  wide  cavities  left  after 
curettage  may  offer  some  surgical  problems. 
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Fig.  6.— Benign  giant  cell  tumor  of  upper  end  of  tibia  ;  collapse  of  joint  sur- 
face without  invasion  of  joint  cavity;  infection  through  line  of  diagnostic 
incision. 
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2.  Xantliosarcoiua. — Some  of  the  central  giant  cell  tumors  of  bone 
are  solid  throughout,  firm,  dry,  and  yellow.  The  yellow  color  is  due 
to  the  presence  of  many  large  polyhedral  cells  distended  with  lipoid 
granules.  This  is  a  structure  commonly  designated  as  xanthoma  (Fig.  8) . 
These  tumors  have  greater  growth  capacity  than  the  ordinary  giant 
cell  tumor.  They  often  reach  considerable  size,  breaking  down  the 
bony  capsule  and  forcing  their  way  between  muscle  and  fasciae , 
but  definite  infiltrative  growth  is  rare.  They  may  destroy  the  epiphysis 
and  lead  to  collapse  of  the  joint  surface.  The  roentgenogram  reveals 
an  incomplete  bony  capsule,  or  none. 


Fig.    7. —  Structure    of    benign    giant    cell    tumor;    polynuclear    giant    cells 
lying  among  spindle   and   polyhedral   cells;   slight   hyperchromatism  of  nuclei. 


The  structure  presents  a  diffuse  growth  of  medium  sized  spindle 
cells  with  very  little  hyperchromatism.  Varying  proportions  of  the 
tissue  are  composed  of  the  lipoid  cells.  Giant  cells  are  missing  over 
large  portions  of  the  growth;  but  usually  they  appear  abundantly 
in  some  portions,  generally  about  blood  spaces  or  blood  extravasations. 
If  the  histologist  encounters  only  the  spindle  cells,  an  erroneous 
impression  of  a  malignant  tumor  is  liable  to  be  gained. 

These  tumors  are  prone  to  recur  after  curettage,  especially  when 
large,  owing  to  the  difficulty  of  reaching  all  portions  of  the  growth. 
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Infection  is  also  a  frequent  complication  which  results  in  the  loss  of 
nvduv  limbs  and  of  some  lives.  They  slowly  respond  to  roentgen-ray 
and  radium  treatment;  but  one  who  chooses  this  method  of  treatment 
must  plan  to  restrict  the  motion  of  the  part  and  devote  some  months 
to  the  treatment.  Immobilization  reduces  blood  supply,  avoids  the 
danger  of  fracture,  and  permits  weakened  joint  surfaces  to  remain 
intact. 

I  have  never  known  these  tumors  to  produce  metastases,  and  I 
have  been  unable  to  find  authentic  records  of  such  complication ;  but 
it  seems  quite  possible  that  by  curettage  groups  of  viable  cells  could 
be  dislodged  from  the  tumor  and  pass  into  the  blood  vessels.    However, 
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Fig.   8. — Benign   giant   cell    tumor;   peripheral   portions    showing   xanthosar- 
coma;  other  portions  showed  many  typical  giant  cells  of  epulis  type. 


the  blood  vessels  are  usually  small  and  scanty,  and  the  danger  of 
metastases  can  probably  be  ignored. 

That  the  central  xanthosarcoma  of  bone  is  a  variant  of  the  giant 
cell  tumor  is  clearly  indicated  by  the  clinical  history,  central  location, 
general  structure,  the  course  of  the  growth  as  revealed  by  the  roentgen 
ray,  and  by  the  not  infrequent  occurrence  of  xanthoma  cells  in  typical 
giant  cell  tumors.  In  the  benign  tumors  of  tendon  sheaths  xanthoma 
cells  are  generally  prominent. 

3.  Myxosarcoma. — The  peripheral  portions  of  many  giant  cell  tumors 
are  often  composed  of  solid  elastic  opaque  tumor  tissue  of  myxoma- 
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like  structure,  while  the  central  area  alone  is  soft  and  vascular  and  con- 
tains the  characteristic  giant  cells.  Even  this  central  area  may  be 
reduced  to  a  minimum,  and  nearly  the  whole  tumor  may  be  composed 
of  solid  opaque  tumor  tissue  in  which  there  are  many  spindle  cells 
lying  in  a  mucinous  matrix  (Fig.  9).  Although  the  central  location 
and  rather  sharp  limitation  of  the  growth  strongly  indicate  a  benign 
character,  the  histologic  structure  with  many  spindle  ceHs  suggests 
malignancy,  and  this  impression  may  be  strengthened  by  reliance  on 
frozen  sections.     However,  these  central  tumors  are  benign  and  their 


Fig.  9. — Benign  giant  cell  tumor ;  peripheral  portions  composed  of  large 
spindle  cells  with  clear  cytoplasm  ;  other  portions  showed  giant  cells  of  epulis 
type. 


virtual  identity  with  the  ordinary  giant  cell  tumor  is  shown  by  the 
gross  transitional  forms  which  connect  the  two  types  and  by  the 
presence  of  typical  giant  cells  wdiich  may  be  seen  in  some  parts  of 
the  tumor.  They  are  quite  different  in  structure  from  the  fascial 
myxosarcomas  and  from  any  myxomatous  areas  of  osteogenic  sarcoma. 
In  some  cases  the  main  tumor  cell  is  large  and  spindle  or  polyhedral 
in  form  with  vesicular  nucleus,  while  giant  cells  are  scanty.  These 
spindle  cells  lack  the  hyperchromatism  of  the  malignant  osteogenic 
tumors.  Numerous  small  lymphocytes  may  also  appear  diffusely  or 
in  clusters,  which  are  probably  derived  from  the  lymphoid  marrow 
and  which  are  almost  never  seen  in  malignant  sarcomas  fFig.  10). 
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4.  Giaut  Cell  Tiuiwrs  of  Cartilayiiioiis  Oriyin. — Occasionally,  one 
encounters  giant  cell  tumors  containing  islands,  streaks,  or  larger 
masses  of  hyaline  cartilage.  Since  there  are  no  indications  that  the 
giant  cell  tumor  can  produce  cartilage,  one  is  forced  to  conclude  that 
the  tumor  is  associated  with  the  absorption  of  misplaced  islands  of 
cartilage.  Such  misplaced  masses  of  cartilage  lying  in  the  marrow- 
cavity  in  the  vicinity  of  the  epiphyseal  line  are  very  frequently  seen 
in  rickets.  All  the  tumors  of  this  type  that  I  have  seen  were  found  at 
the  ends  of  long  bones. 


Fig.  10. — Benign  giant  cell  tumor,  edematous  and  infiltrated  with  lympo- 
cytes;  tissue  composed  of  polyhedral  cells  with  clear  cytoplasm;  giant  cells  of 
epulis  type  in  other  portions  of  tumor. 

They  are  of  rather  solid  texture,  opaque,  sometimes  slightly 
mucinous,  and  lack  the  reddish  jelly-like  features  or  the  yellow  color  of 
the  other  forms.  The  giant  cells  are  generally  numerous  and  of  the 
usual  character.  They  lie  among  many  smaller  tumor  cells  which  are 
often  round  or  polyhedral,  while  the  vascular  spindle  cell  tissue  of  the 
ordinary  giant  cell  tumor  is  missing.  These  round  cells  may  grow 
diffusely  over  considerable  areas  in  which  giant  cells  are  scanty  or 
missing,  so  that  the  diagnosis  of  myeloma  may  be  returned  if  only 
a  small  portion  of  the  tissue  is  available  for  examination.  Hence, 
as  with  many  other  bone  tumors,  a  biopsy  is  a  somewhat  hazardous 
resort  (Fig.  11). 
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It  seems  probal)lf  that  these  growths  represent  a  vigorous  prolifera- 
tion of  tissue  cells  about  degenerating  cartilage.  Probably  the  cartilage 
cells  participate  in  this  process  as  well  as  the  endothelial  and  possibly 
other  marrow  cells.  That  the  absorption  of  cartilage  may  be  connected 
with  other  giant  cell  tumors  in  which  no  traces  of  cartilage  or  their 
peculiar  derivatives  are  present,  deserves,  perhaps,  further  consid- 
eration. From  their  cellular  character,  one  gains  the  impression  that 
these  tumors  must  be  more  malignant  than  the  others;  but  several 
patients  whom  I  have  followed  recovered  after  curettage.  Being 
cellular  they  should  be  susceptible  to  radium  and  roentgen  ray. 


Fig.    11. — Benign    central    giant    eel 
partly  calcified  cartilage. 


tumor    with    island    of    dissolving    and 


5.  Telangiectatic  Giant  Cell  Tumors. — In  1894  a  portion  of  a 
central  giant  cell  tumor  was  submitted  to  Dr.  T.  M.  Prudden  at 
Columbia  for  diagnosis  and  prognosis.  It  came  from  a  growth  which 
occupied  a  large  lower  segment  of  the  shaft  of  the  tibia  in  a  girl,  aged 
14  years.  The  tumor  was  described  as  extremely  vascular.  After  much 
discussion,  on  account  of  the  presence  of  numerous  typical  giant  cells, 
the  tumor  was  pronounced  benign.  Curettage  was  recommended  and 
performed.  Several  years  later  we  were  informed  that  the  patient 
recovered,  and  that  her  leg  was  sound. 

The  structure  showed  very  wide  blood  spaces  separated  by  thin 
strands  of  spindle  cell  tissue  lined  by  many  giant  ceDs.  The  spindle 
cells  resembled  those  of  the  ordinary  giant  cell  tumor. 
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That  the  course  of  central  telangiectatic  tumors  with  giant  cells  is  not 
always  favorable  is  shown  by  a  case  illustrated  by  Figures  12  and  13. 
The  subject  was  a  child  of  10  years,  in  whom  the  head  of  the  humerus 
was  completely  excavated  by  a  bloody  mass  in  which  no  tumor  tissue 
could  be  detected  on  gross  examination.  Section  revealed  thin  strands 
of  tumor  tissue  composed  of  spindle  cells  wnth  hyperchromatic  nuclei. 
These  inclosed  wide  blood  spaces  lined  by  numerous  giant  cells  with 
multiple  small  nuclei  w^hich  again  were  relatively  hyperchromatic. 
Interscapular-thoracic  disarticulation  was  performed ;  but  the  patient 


Fig.   12. — Telangiectatic  osteogenic  sarcoma  of  head  of  humerus  ;  malignant 
bone  aneurysm,  in  a  child  of  10  years;   pulmonary  metastases. 


is  said  to  have  died  of  pulmonary  metastases  four  months  later.  This 
was  not  confirmed  by  necropsy.  This  case  may  well  be  classed  as  a 
malignant  bone  aneurysm.  On  account  of  this  observation  it  seems 
proper  to  urge  that  more  attention  should  be  paid  to  the  main  tumor 
tissue  than  to  the  giant  cells  in  the  diagnosis  of  doubtful  cases  of 
this  type. 

6.  Borderline  Cases  of  Giant  Cell  Tumors. — Some  bone  tumors, 
mainly  central  in  location,  are  found  to  have  involved  much  of  the 
neighboring  bone  shaft  which  is  eroded  or  perforated,  while  the  tumor 
tissue  early  penetrates  the  soft  tissue  and  fails  to  throw  out  a  uniform 


limiting  shell  of  bone.  This  anatomic  condition  is  not  easily  distinguished 
in  the  roentgenogram  from  some  osteogenic  sarcomas;  but  careful 
palpation,  roentgenograms  taken  from  several  angles,  and  surgical 
exploration  reveal  an  absence  of  the  extensive  involvement  of  periosteum 
which  is  nearly  constant  in  osteogenic  sarcoma.  The  ])eriosteum  in 
these  cases  is  generally  quite  intact  beyond  the  main  tumor  mass. 

The  structure  consists  of  numerous  rather  large  spindle  cells  with 
vesictilar  nuclei  which  exhibit  some,  but  not  pronounced,  hyperchro- 
matism.  Intercellular  strands  are  scanty  or  absent.  By  hydropic 
imbibition  the  cells  may  appear  polyhedral.  Giant  cells  are  scanty  or 
absent   in   many  areas  but   appear   in   groups,   often   in   the  clefts   or 


Fig.  13. — Structure  of  a  telangiectatic  osteogenic  sarcoma;  tissue  from  the 
outer  shell  of  a  highly  vascular  tumor;  round  and  spindle  cells  with  hyper- 
chromatic  nuclei  enclosing  blood  sinuses  ;  same  case  as  Figure  12. 


sinuses  of  tumor  tissue.  They  are  not  so  large  as  the  giant  cells  of 
the  ordinary  giant  cell  tumor,  and  the  nuclei,  while  multiple,  are 
larger  and  more  hyperchromatic.  The  diagnostic  difficulties  are 
increased  when  only  curetted  fragments  of  the  tumor  are  available. 
Such  tumors  ofifer  a  difficult  problem  for  the  pathologist  and  for  the 
surgeon.  My  colleagues  and  I  have  adopted  the  policy  of  designating 
these  tumors  as  borderline  tumors  of  the  giant  cell  type  and  of  giving 
a  guarded  prognosis.  They  are  prone  to  recur  after  curettage;  but 
I  have  not  known  them  to  produce  metastases  even  after  repeated  insults. 
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While  they  probably  belong  with  the  benign  giant  cell  tumor  and 
are  connected  with  the  absorption  of  bone  or  cartilage,  it  seems  possible 
that  osteoblasts  may  participate  in  the  proliferation  and  endow  the 
process  with  more  aggressive  qualities  than  belong  to  the  strictly 
benign  tumors  (Fig.  14). 

7.  Secondary  Giant  Cell  Structure  in  Malignant  Osteogenic 
Sarcoma. — Since  the  peculiar  giant  cells  of  the  benign  tumor  occur 
whenever  bone  is  being  absorbed  and  since  these  structures  signify 
in  general  a  type  of  foreign  body  giant  cell,  one  should  be  prepared 
to  find  them  in  malignant  osteogenic  tumors  surrounding  blood  extra- 
vasations,  or    following   infection,    or   surgical    trauma.      Under   such 
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Fig.  14. — Benign  giant  cell  tumor,  low  magnification;  giant  cell  with  many 
compact  nuclei;  polyhedral  and  spindle  cells;  many  small  lymphocytes. 

conditions  they  not  infrequently  appear  in  malignant  tumors  and  may 
lead  to  an  erroneous  diagnosis  by  the  pathologist  when  only  small 
portions  of  tissue  are  available.  These  and  other  considerations  have 
led  me  to  take  the  position  that  cutting  into  bone  tumors  and  removing 
a  small  piece  for  diagnosis  is  generally  hazardous.  The  diagnosis  of 
bone  tumors  can  safely  be  attempted  only  when  all  of  the  clinical 
history  and  roentgenograms  are  available.  With  such  data  carefttlly 
analyzed,  the  probatory  incision  is  usually  found  to  Ije  unnecessary ; 
and  it  is  not  too  much  to  say  that  the  gross  anatomy  of  the  lesion  is 
often  a  safer  guide  to  a  correct  clinical  conception  of  the  disea'^e  than 
the  variable  and  uncertain  structure  of  a  small  piece  of  tissue.     Dotibt- 
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less  there  are  cases  in  which  hoth  classes  of  evidence  are  needed;  but 
they  constitute  a  minority  of  the  group  and  the  microscopic  evidence 
is  often  indecisi\e. 

The  foregoing  review  of  the  conditions  under  which  giant  cells  of 
the  epulis  type  may  be  found  in  bone  tumors  reveals  the  dif^culties 
which  surround  microscopic  diagnosis  in  this  field.  When  the  giant 
cells  form  the  major  portion  of  the  tumor,  the  process  is  almost 
invariably  lacking  in  aggressive  growth  and  clinical  malignancy;  but 
when  they  become  scanty  and  are  associated  wnth  many  spindle  cells 
and  compact  polyhedral  cells,  the  tumors  as  a  rule  are  more  aggressive, 
while  in  some  cases  in  which  the  giant  cells  are  associated  with  other, 
more  numerous,  tumor  cells  of  malignant  histologic  character  the 
tumors,  as  in  the  malignant  bone  aneurysm  cited,  are  quite  malignant. 
In  addition,  there  is  the  occasional  occurrence  of  epulis  giant  cells 
in  inflamed  and  degenerating  osteogenic  sarcoma.  Under  these  cir- 
cumstances, it  seems  desirable  to  restrict  the  importance  of  the  presence 
of  giant  cells  in  the  diagnosis  of  bone  tumors,  and  to  emphasize 
more  strongly  the  importance  of  the  main  tumor  cells.  Furthermore, 
it  seems  probable  that  further  study  of  the  origin  of  these  benign 
central  tumors  will  lead  to  the  definite  subdivision  of  the  group  based 
on  exact  histogenesis  and  general  etiology.  The  demonstration  of  a 
group  of  these  tumors  as  probably  derived  from  the  absorption  of 
cartilage  is  perhaps  a  step  in  this  direction.  The  xanthomatous  tumors 
also  are  peculiar  in  many  respects  and  suggest  that  they  too  enjoy 
some  peculiar  conditions  of  origin.  Osteitis  fibrosa  seems  to  be 
associated  only  with  the  benign  vascular  cystic  tumors  composed 
chiefly  of  giant  cells  of  large  size. 

A  more  satisfactory  term  should  be  found  to  designate  this  group  of 
timiors,  and  one  which  lays  less  emphasis  on  the  giant  cells.  Central 
osteogenic  sarcoma  or  benign  central  sarcoma  may  be  suggested  as 
worthy  of  consideration. 

OSTEOGENIC     SARCOMA 

Of  this,  the  main  malignant  tumor  of  bone,  four  distinct  groups 
should  be  recognized,  because  of  their  peculiar  gross  anatomy,  micro- 
scopic structure  and  clinical  course.  These  are:  (1)  periosteal 
sarcoma;  (2)  subperiosteal  and  medullary  sarcoma;  (3)  telangiectatic 
sarcoma,  and  (4)  sclerosing  osteogenic  sarcoma. 

I  have  previously  urged  the  recognition  of  only  three  groups  of 
osteogenic  sarcoma,  merging  the  first  two  groups  of  the  present  list 
for  the  sake  of  simplicity;  but  the  facts  demand  the  sacrifice  of 
simplicity  in  the  interest  of  more  accurate  knowledge.  A  large  number 
of  bone  tumors  are  r.r/raperiosteal,  while  many  others  are  ^H^periosteal 
and  invade  or  originate  in  the  marrow  cavity.  On  dissection  these 
tumors  are  found  to  be  quite  different  in  gross  anatomy ;  in  structure, 
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Fig.  15.— Malignant  ossifying  extraperiosteal   sarcoma,  which  produced  pul- 
inonarv  metastases. 
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they  are  quite  divergent,  and  the  cHnical  courses  are  far  from  parallel. 
These  contrasts  suggest  essential  differences  in  the  conditions  of  origin 
of  the  tumors. 

1.  Periosteal  Sarcoma. — The  extracortical  position  of  these  tumors 
is  quite  characteristic.  In  fact,  the  true  periosteal  sarcoma  appears 
to  originate  from  the  periosteum  itself  or  from  the  outer  layers,  leaving 
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the  bone  shaft  intact  or  slightly  eroded,  whereas  other  osteogenic 
sarcomas  are  subperiosteal  and  grow  beneath  the  periosteum,  separating 
it  from  the  shaft  over  a  wide  area  by  a  fusiform  mass  of  cellular  tumor 
tissue.  These  relations  are  indicated  in  the  accompanying  sketch  (Fig. 
20).  and  they  become  quite  apparent  in  Figures  15,  16,  17  and  19. 
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Fig.  17. — Malignant  spindle  cell  extraperiosteal  and  capsnlar  sarcoma,  fun- 
gating  through  the  skin  at  line  of  diagnostic  incision;  infection  with  rapid 
enlargement  from  inflammatory  edema. 


28 


The  roentgenogram  shows  an  intact  or  sHghtly  eroded  shaft  running 
through  a  solid  tumor  mass  which  lies  at  one  side  and  which  is  attached 
to  a  segment,  often  narrow,  of  the  periosteum.  Some  of  these  tumors 
arise  mainly  from  the  cajisule  of  the  joint,  but  a  pure  capsular  sarcoma 
is  rare. 

The  small  area  of  periosteum  involved  and  the  firm  encapsulation 
frequently  observed  suggest  that  in  such  cases  an  effort  may  be  made 
at  local  excision.  Some  periosteal  sarcomas  are  dense  fibrosarcomas 
which  recur  locally  but  which  have  only  a  moderate  tendency  to 
produce  metastases.     They  also  suggest  conservative  treatment. 


Fig.  18. — Structure    of    extraperiosteal    and    capsular    osteogenic    sarcoma; 
same  case  as  Figure  17. 


Most  periosteal  sarcomas  produce  bulky  rounded  solid  growths 
which  long  remain  encapsulated,  pushing  the  soft  parts  before  them. 
When  forming  cartilage,  they  may  reach  enormous  dimensions. 

The  texture  of  periosteal  sarcomas  varies.  Some  are  cellular, 
soft,  crumbly,  rapidly  growing  and  extremely  malignant.  A  tumor 
of  the  humerus  gave  myriads  of  metastases  in  nearly  every  portion  of 
the  body  from  calvarium  to  heel,  while  the  pancreas  was  completely 
replaced  by  tumor  tissue,  composed  of  small  spindle  cells.  A  cellulai 
tumor  of  the  patella  proved  fatal  six  weeks  after  the  originating  injury 
was  received. 

Most  of  the  tumors  are  firm  because  of  the  presence  of  much  inter- 
cellular  stroma,   which   appears   in   the    form   of   stalactite   strands   of 
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hyaline,  osteoid  or  osseous  tissue,  or  masses  of  cartilage.     The  metas- 
tases may  produce  bone. 

The   structure   of   the   periosteal   sarcoma    is   usually    specific   and 
easily  recognized.     It  presents  spindle  cells,  small  or  of  moderate  size, 


Fig.  19. — Solid    central    and    subperiosteal    osteogenic    sarcoma;    the    sharp 
limitation  at  epiphyseal  line  may  be  noted. 

but  usually  presenting  hyperchromatic  nuclei.  Cell  bodies  are  not 
always  easily  demonstrable,  so  that  some  of  these  tumors  may  pass 
as  round  cell  sarcoma.     In  other  cases  the  spindle  cells  are  quite  large, 
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and  with  increasing  stroma  they  tend  to  hecome  large  and  sometimes 
polyhedral. 

Dififering  markedly  from  these  malignant  cellular  growths  is  a 
series  of  cellular  fihrosarcomas  in  which  hyaline  and  fibrous  stroma 
exceeds  the  bulk  of  the  cells.  Such  tumors  are  not,  as  a  rule,  malignant. 
They  recur  locally  after  excision,  but  are  slow  to  produce  metastases. 
They  probably  form  the  majority  of  cures  of  osteogenic  sarcoma  by 
amputation   (Figs.  21  and  22). 

c 


Fig.  20. — Diagram  contrasting  the  relations  of  the  extraperiosteal  sarcoma 
and  medullary  and  subperiosteal  sarcoma :  A,  periosteal  sarcoma ;  B,  medullary 
and  subperiosteal  sarcoma;  a,  tumor;   b,  shaft  and  c,  periosteum. 


The  diagnosis  between  hyperplastic  callus  and  productive  periostitis 
is  not  always  easy,  and  must  be  based  on  general  familiarity  with 
both  processes.  Mistaking  exuberant  callus  and  productive  periostitis 
for  sarcoma  is  a  very  common  error  which  may  be  avoided  if  the 
microscopist   will   insist  on   having  unmistakable  neoplastic   characters 
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Ijefore  concluding  that  a  malignant  process  exists.  Malignant  bone- 
j)roducing  tumors  very  rarely  develop  within  three  weeks  after  a 
trauma.  Periostitis  usually  covers  a  wide  area,  while  tumors  are 
localized. 

2.  Solid  Subperiosteal  and  Medullary  Sarcoma. — The  most  fre- 
quent form  of  osteogenic  sarcoma  involves  marrow,  shaft  and  sub- 
periosteal tissue.  The  cancellous  tissue  toward  the  end  of  the  diaphysis 
is  converted  into  a  solid  tumor  mass  which  extends  up  the  marrow 
cavity,  and  after  considerable  delay  may  cross  the  epiphyseal  line 
into  the  epiphysis.  At  the  same  time  the  shaft  is  destroyed  and  the 
tumor  spreads  beneath  the  periosteum,  producing  a  fusiform  swelling 
which  p^raduallv  encases  the  bone.     In  the  earliest  cases  which  I  have 
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Fig.  21. — Large   spindle   cell,   highly   fibrous   periosteal   sarcoma. 

dissected  the  lesion  was  about  equally  developed  in  both  locations, 
medullary  and  subperiosteal.  The  separated  periosteum  long  remains 
as  a  resisting  capsule;  but  eventually  it  is  perforated,  after  which  the 
tumor  process  rapidly  invades  the  soft  parts  (Fig.  19). 

Occasionally,  these  tumors  spread  widely  over  large  segments  of 
bone.  I  have  seen  most  of  the  ilium,  pubes,  ischium,  and  upper  half 
of  the  femur  covered  and  infiltrated  by  cellular  subperiosteal  and 
medullary  sarcoma. 

The  tumor  tissue  is  solid,  opaque  and  cellular.  Usually  there  is 
considerable  stroma,  of  osteoid  character,  which  renders  the  gro\\1:h 
firm  and   resistant.     Bone   formation  is  not   prominent ;  but  irregular 
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islands  may  appear  throughout  the  medullary  portions,  and  radiating 
striae  beneath  the  periosteum.  Hemorrhage  and  necrosis  belong  to 
the  rapidly  advancing  cases.  Combinations  with  the  sclerosing  type 
of  osteogenic  sarcoma  are  not  infrequent. 

The  structure  exhibits  considerable  variations.  Most  of  the  tumors 
consist  of  spindle,  rounded,  and  polyhedral  cells,  while  mononuclear 
giant  cells  are  common.  In  some  cases,  probably  concerned  with 
cartilage,  the  cells  are  large  and  polyhedral.  The  stroma  is  usually 
abundant,  and  of  hyaline,  cartilaginous,  osteoid,  or  osseous  type.  Bone 
production  and  absorption  go  hand  in  hand  in  the  same  territory.  The 
blood    vessels   consist   of   capillaries   and   clefts   between   tumor   cells. 


Fig.  22. — Spindle   cell  fibrosarcoma   of  periosteum. 

and  of  larger  vessels  lined  by  tumor  tissue  and  through  which  cell 
emboli  readily  pass  (Figs.  24  and  25). 

In  the  roentgenogram  the  most  striking  feature  is  the  elevation  of 
the  periosteum  by  a  fusiform  subperiosteal  tumor.  A  bony  capsule 
such  as  is  seen  about  benign  central  tumors  is  missing;  but  irregular 
extracortical  deposits  of  bone  may  be  seen.  The  medullary  region 
is  usually  opaque  and  in  sclerosing  types  it  may  be  quite  dense.  The 
cortex  is  generally  obscured  or  destroyed  (Fig.  23). 

3.  Telangiectatic  Bone  Sarcoma. — This  is  a  characteristic  gross 
anatomic  picture  (Fig.  26).  Its  exact  point  of  origin  is  not  narrowly 
defined,  but  it  early  destroys  the  shaft  and  grows  expansively  in  all 
directions,  obliterating  the  marrow  cavity  and  perforating  the  distended 
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periosteum  and  its  shell  of  bone.  Wiscular  tumors  may  pulsate.  In 
several  rapidly  progressing  cases,  I  have  found  the  lower  2  inches 
(5  cm.)  of  the  femur  sequestrated  beneath  the  periosteum  and  lying 
in  blood  clot.  Combinations  with  cellular  solid  central  and  periosteal 
tumor  masses  are  common. 


Fig.  23. — Osteogenic  sarcoma. 


At  the  other  extreme  are  cases  in  which  there  is  comparatively 
little  tumor  tissue,  but  widely  dilated  blood  spaces  separated  by  strands 
and  walled  off  externally  by  narrow  layers  of  malignant  tumor  tissue. 


Fig.  24. — Malignant   osteogenic   sarcoma   with   giant   cells. 


Fig.  25. — Structure  of  osteogenic  sarcoma;  large  poh'hedral  and  spindle  cells 
in  fibrillar  and  osteoid  stroma. 
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These  are  the  true  mahgnant  hone  aneurysms  (Figs.  12  and  13).  Thrs 
type  of  tumor  is  practically  limited  to  young  subjects.  Few  patients 
survive  more  than  a  year,  and  no  cures  by  any  method  appear  to  have 
been  recorded. 


l-'ig.  26. — Telangiectatic     osteogenic     sarcoma. 

All  of  these  variations  and  combinations  indicate  that  the  disease 
is  essentially  one  and  the  same  process,  which  originates  from  osteo- 
blasts and  destroys  periosteum,  bone  shaft  and  marrow. 

4.  Sclerosing  Osteogenic  Sarcoma. — This  term  was  employed  by 
Virchow  to  designate  certain  bone-producing  sarcomas,  mainly  central 
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Fig.  27.— Sclerosing  osteogenic  sarcoma  of  femur;  fusion  of  thickened 
cortex  with  central  mass  of  ossifying  tumor;  extension  up  marrow  cavity  and 
into  periosteum. 
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in  location,  but  involving  periosteum,  shaft  and  marrow  cavity,  ana 
transforming  the  end  of  the  bone  into  a  bulky  solid  mass  of  hard, 
occasionally  ivory-like,  bone. 

Minor  variations  in  this  process  are  not  uncommon.  The  periosteum 
usually  remains  unbroken;  but  it  may  be  perforated  early,  releasing 
a  portion  of  the  tumor  which  grows  in  more  cellular  form,  invading 
the  soft  tissues.  The  roentgen  ray  shows  the  club  shaped  central 
mass  of  dense  bone  with  widening  and  obliteration  of  shaft.  The 
picture  is  unlike  that  of  any  other  process  in  bone  (Fig.  27). 


Fig.  28. — Structure  of  sclerosing  osteogenic  sarcoma ;  large  spindle  and 
polyhedral  cells  lying  in  osteoid  and  osseous  tissue:  nuclei  large  and  hyper- 
chromatic. 


The  dominating  histologic  feature  is  the  production  of  much  inter- 
cellular material  in  the  form  of  hyaline  osteoid  tissue  or  dense  bone. 
This  material  is  at  first  cellular  but  eventually  becomes  very  compact, 
hard,  and  acellular  (  Fig.  28).  In  the  advancing  peripheral  portions  are 
blood  vessels  lined  by  tumor  cells,  through  which  metastases  readily 
occur. 

The  progress  of  the  disease  is  slow,  from  one  to  two  years  elapsing 
before  marked  swelling  of  the  bone  appears,  and  from  live  to  twenty- 
five  years  passing  before  the  usual  fatal  termination  is  reached.  Yet 
the  prognosis  is  poor,  since  metastases  seem  to  occur  early,  although 
some  years  may  elapse  before  pulmonary  signs  are  detected. 
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ETIOLOGY     OF    OSTEOGENIC     SARCOMA 

It  is  difficult  to  find  any  adequate  hypothesis  regarding  the  causation 
of  osteogenic  sarcoma.  Trauma  rather  frequently  precedes  the  out- 
break of  the  disease  but  has  been  noted  only  in  a  minority  of  cases,  and 
is  of  itself  an  inadequate  explanation.  It  is  possible  to  conceive  that 
traumatic  hemorrhage  and  separation  of  minute  fragments  of  bone 
may  tend  to  release  the  vigorous  regenerative  capacity  of  osteoblasts; 
but  the  atypical  and  lawless  form  of  the  regeneration  always  evades 
our  grasp.  Definite  fractures  are  seldom  followed  by  sarcoma  although 
exuberant  callus  closely  approaches  in  structure  osteogenic  sarcoma. 
Some  element  of  tissue  predisposition  must  be  involved  and  it  seems 
probable  that  this  factor  may  consist  in  an  abnormal  blood  supply  in 
the  affected  part,  providing  excessive  nutrition.  If  such  a  factor 
actually  exists  it  works  more  often  alone  than  with  trauma.  Typical 
osteogenic  sarcoma  almost  invariably  begins  in  the  end  of  the  diaphysis 
and  long  fails  to  cross  the  epiphyseal  line.  This  relation  suggests  that 
a  vascular  and  nutritional  disturbance  may  reside  in  the  branches  of  the 
main  nutrient  artery  but  not  in  the  capsular  vessels  which  supply  the 
epiphysis.  Multiple  osteogenic  sarcoma,  affecting  the  ends  of  several 
long  bones,  of  which  I  have  seen  one  case  so  interpreted,  favors  the 
idea  that  the  disease  is  dependent  on  some  congenital  disturbance  in 
the  structure  of  the  bones. 

UNIDENTIFIED     TYPES     OF     BONE     SARCOMA 

In  the  group  of  osteogenic  .sarcoma  one  must  include  certain 
malignant  cellular  tumors,  the  origin  and  nature  of  which  are  still  quite 
undetermined.  One  not  infrequently  encounters  cellular  medullary  and 
subperiosteal  tumors  in  which  the  hyperchromatic  cells  grow  diffusely 
without  producing  bone  or  any  stroma. 

The  nature  of  these  tumors  remains  an  unsolved  problem  in  which 
several  possibilities  may  be  considered  :  ( 1 )  It  is  possible  that  osteo- 
blasts may  proliferate  so  rapidly  as  to  produce  a  tumor  tissue  com- 
posed of  rounded  or  polyhedral  or  short  spindle  cells,  entirely  free 
from  intercellular  material.  (2)  An  endothelial  origin  of  some  of  the 
cellular  tumors  is  also  to  be  considered ;  but  the  necessary  proof  is 
difficult  to  secure,  and  unless  the  evidence  is  quite  convincing  the  diag- 
nosis of  endothelioma  should  not  be  entertained.  (3)  It  is  always  a 
safe  resort  to  assign  undifferentiated  round  and  polyhedral  cell  tumors 
to  the  group  of  myelomas ;  but  this  plan  does  not  assist  in  unraveling 
that  miscellaneous  class  of  neoplasms.  (4)  The  perithelial  cells  of 
blood  vessels  are  a  source  of  somewhat  specific  tumors  in  many  situa- 
tions; but  there  is  no  definite  evidence  that  angioblastic  cells  produce 
the  cellular  tumors  of  bone.  1 5)  The  increasing  recognition  of  neuro- 
blastoma, especially  in  young  subjects,  raises  the  suspicion  that  some 
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of  tlie  cellular  luniDrs  of  btme  may  be  derived  from  the  neuroblast; 
but  the  characteristic  rosets  on  which  alone  the  diagnosis  of  neuro- 
blastoma may  safely  rest,  have  not  been  demonstrated  in  bone  sarcoma. 
(6)  One  may  draw  into  the  possible  sources  of  tumors  aberrant  organ 
and  tissue  rests,  the  existence  of  which  in  bone  or  bone  marrow  is 
mainly  hypothetic.  (7)  A  metastatic  origin  of  atypical  cellular  bone 
tumors  is  always  to  be  kept  in  mind ;  but  this  explanation  will  not  apply 
to  most  of  the  tumors  in  question. 

These  speculations  seem  permissible  mainly  to  emphasize  the  fact 
that  the  territory  of  cellular  bone  tumors  still  requires  much  further 
exploration.  Yet  there  is  a  practical  value  in  knowing  that  such 
unidentified  tumors  exist,  so  that  peculiarities  in  age  incidence,  loca- 
tion, structure,  and  clinical  course,  and  paradoxic  cures  by  surgery, 
roentgen  ray,  and  radium,  may  not  be  attributed  to  the  well  known 
malignant  bone  tumors. 

MYELOMA 

Only  a  brief  outline  of  the  main  features  of  this  extensive,  but 
comparatively  rare,  group  of  tumors  can  be  undertaken  at  this  time. 

Myelomas  are  tumors  derived  from  the  specific  bone  marrow  cells. 
Granular  myelocytes,  lymphocytes,  and  nucleated  red  blood  cells  are 
the  three  specific  cells  of  bone  marrow,  and  tumors  of  each  of  these 
cells  are  observed.  The  commonest  form  of  myeloma  is,  however, 
composed  of  plasma  cells,  the  origin  of  which  is  still  somewhat  uncer- 
tain. The  weight  of  opinion  favors  an  origin  from  lymphocytes  or 
from  endothelial  cells.  There  are  thus  four  histologic  varieties  of 
myeloma:  (1)  plasma  cell  tumors;  (2)  lymphocytoma ;  (3)  myelo- 
cytoma,  and   (4)   erythroblastoma. 

These  tumors  have  certain  common  features  which  separate  them 
sharply  from  osteogenic  sarcoma.  While  often  single  they  are  usually 
multiple.  E\entually,  they  may  become  widely  dififused  or  systemic. 
They  readily  destroy  bone  by  dififuse  absorption  or  sharp  perforation, 
but  never  produce  bone.  Visceral  metastases  develop  slowly  or  not  at 
all,  so  that  many  cases  come  to  necropsy  without  metastases.  The 
regional  lymph  nodes  are  not  infrequently  involved.  The  presence  of 
involved  regional  nodes  is  almost  certain  evidence  against  osteogenic 
sarcoma,  although  in  a  few  cases  of  this  disease  the  nodes  appear  to 
have  sifted  out  cells  which  ordinarily  travel  through  large  blood 
channels. 

The  location  of  myelomas  is  peculiar.  They  choose  by  preference 
the  midportions  instead  of  the  ends  of  the  bones,  often  involving  con- 
siderable segments  or  later  the  whole  of  the  marrow  cavity.  They  also 
affect  the  vertebrae,  ribs  and  skull,  which  are  seldom  the  sites  of 
osteogenic  sarcoma.  Passing  through  the  bone,  myelomas  infiltrate  the 
soft  tissues,  without,  as  a  rule,  producing  the  bulky  tumors  and  destruc- 
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live  effects  of  other  sarcomas.  Rapidly  destroying  bone,  they  early  lead 
to  spontaneous  fractures,  or  collapse  of  joints,  or  crushing  of  vertebral 
bodies  with  paraplegia  (Fig.  29). 

A  peculiar  cachexia  and  anemia  usually  accompany  myeloma,  due 
to  the  destruction  of  blood-forming  marrow.  Bence- Jones  proteinuria 
is  occasionally  present.  The  prognosis  of  all  forms  of  myeloma  is 
unfavorable,  owing  to  the  multiple  and  systemic  nature  of  the  lesions. 
Yet  solitary  myeloma  is  probably  curable  by  excision  or  amputation. 
Of  the  recurrences  and  extensions  it  is  difficult  to  determine  whether 
they  are  metastases  or  multiple  primary  new  growths. 


Fig.  29. — Plasma  cell  myeloma  of  vertebral  body,  causing  collapse  of  vertebra 
and  paraplegia. 


Like  other  lymphoid  tissues,  myeloma  recedes  rapidly  under 
roentgen-ray  and  radium  treatment  and  the  bone  is  partially  restored ; 
but  the  ultimate  prognosis  remains  unfavorable  because  of  extensions 
and  metastases. 

The  diagnosis  of  myeloma  can  usually  be  made  on  the  general 
clinical  features  and  on  the  roentgenograms.  The  medullary  location, 
the  preference  for  the  midportions  rather  than  the  ends,  the  sharp 
perforation  or  diffuse  absorption  of  bone  are  rather  specific  roentgeno- 
logic features ;  yet  diffuse  endothelioma  produces  much  the  same  effects 
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as  solitary  myeloma.  Tissue  excised  for  diagnosis  shows  a  diffuse 
growth  of  round  cells  of  the  various  types  occurring  in  marrow. 
Myeloma  is  the  only  true  round  cell  tumor  occurring  in  bone.  Hence 
the  term  "round  cell  sarcoma"  should  be  eliminated  from  the  dis- 
cussion of  bone  tumors  and  the  more  exact  histogenetic  designations 
employed.  The  various  cell  types  in  myelomas  can  usually  be  recog- 
nized in  sections,  since  plasma  cells,  lymphocytes,  granular  myelocytes, 
and  hemoglobin-holding  cells  are  peculiar.  Yet  owing  to  neoplastic 
variations  in  cell  structure  and  degenerative  processes,  there  has  been 
extensive  debate  regarding  the  exact  nature  of  many  cases,  and  the 
exact  identification  of  every  case  is  impossible. 

The  several  varieties  of  myeloma  dift'er  somewhat  in  their  general 
behavior. 

1.  Plasma  Cell  Myeloma. — This  is  usually  multiple  and  often  occurs 
in  the  form  described  as  Kahler's  disease,  with  extremely  numerous 
painful  perforating  tumors  aft'ecting  many  bones  throughout  the  body, 
without  notable  visceral  metastases,  with  early  cachexia  and  with  pro- 
teinuria. Yet  I  have  observed  solitary  plasma  cell  myeloma  of  the 
sternum,  tibia,  and  femur,  and  Greenough,  Simmons,  and  Harmer 
report  solitary  myeloma  of  the  ilium  and  humerus. 

Large  mononuclear  nongranular  cells  occur  in  rapidly  progressive 
cases  which  involve  several  bones  and  produce  extensive  metastases. 
In  a  young  patient,  observed  by  Norris,  very  large  round  cells  with 
hyperchromatic  nuclei  occurred  in  widely  distributed  bone  tumors  and 
in  very  bulky  metastases  in  all  the  organs.  In  these  cases  it  is  impos- 
sible to  determine  the  cell  of  origin. 

2.  Diffuse  Lymplwcytoma. — This  occurred  in  a  case  that  I  followed 
for  several  years.  The  disease  first  appeared  in  the  humerus,  the 
entire  shaft  and  the  epiphysis  being  widened  and  the  bone  distorted 
and  largely  absorbed.  The  progress  was  relatively  slow.  Under 
roentgen-ray  treatment  the  greatly  swollen  arm  was  reduced  to  normal 
dimensions  and  the  shaft  was  largely  restored.  The  patient,  a  young 
man,  resumed  his  work  for  a  period  of  two  years,  and  passed  out  of 
control;  but  it  was  learned  that  the  disease  reappeared  in  other  loca- 
tions, with  a  fatal  result,  about  five  years  after  the  inception.  The 
structure  of  the  humerus  tumor  show^ed  a  diffuse  growth  of  typical 
small  lymphocytes.^ 

3.  Large  Mononuclear  rf//.s-.— These  cells  with  prominent  granules 
of  variable  staining  characters  I  have  observed  in  three  cases. 


5.  Ewing,  James:    Neoplastic  Diseases.  Ed.  2.  Philadelphia,  W.  B.  Saunders 
Company,  1922,  pp.  294-295. 
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()ne  (if  tliem  involved  the  whole  marrow  cavity  of  the  humerus  of 
an  adult  male,  destroyed  the  shaft  over  the  upper  half  and  produced 
a  hulky  infiltrating  extensively  necrotic  tumor  of  the  muscles  and 
fasciae.  Shoulder- joint  amputation  was  soon  followed  by  recurrence 
and  generalization  of  the  disease.  Considerable  infiltration  by  lympho- 
cytes and  extensive  necrosis  suggested  a  syphilitic  process;  but  the 
wide  areas  of  large  hyperchromatic  granular  cells  and  the  later  course 
demonstrated  the  myelomatous  nature  of  the  disease. 

This  form  of  myeloma  appears  to  have  escaped  definite  attention  in 
the  literature  of  bone  sarcoma,  although  several  authors  have  described 
scanty  neutrophil  granules  in  the  cells  of  myeloma. 


Fig.  30. — Alyeloma  of  femur  involving  a  large  portion  of  the  shaft;  loosely 
packed  large  round  cells. 

4.  Hemoglobin-Holding  Cells. — These  have  been  found  in  myeloma 
by  Ribbert "  and  by  Norris.  In  Ribbert's  case  the  largest  tumors  were 
in  the  ribs  and  smaller  growths  were  found  in  the  vertebrae  and  skull. 
The  tumors  presented  a  striking  brownish-red  appearance ;  and  hemo- 
globin in  abundance  was  found  in  the  tumor  cells.  In  a  similar  case 
observed  by  Norris  '  in  Bellevue  Hospital  the  cells  were  rich  in  hemo- 
elobin. 


6.  Ribbert:    Centralld.  f.  Path.  15:337,  1904. 

7.  Norris  :     Proc.   New   York   Path.  Soc.   N.   S. 


128.  1906. 


43 


Fig.    31.— Myeloma    of    tibia,    composed    of    small    round    cells    with    hyper- 
chromatic  nuclei. 
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TuF.  Prognosis  and  Treatment  cf  Sarcomas  of  Bone 

The  increasing  knowledge  of  the  natural  history  of  bone  tumors 
furnishes  a  basis  for  reconsidering  the  treatment  of  these  diseases. 
I  believe  that  the  present  state  of  our  knowledge  and  the  additional 
resources  of  roentgen  ray  and  radium  demand  that  the  whole  subject 
of  the  prognosis  and  treatment  of  bone  sarcoma  should  be  reopened 
and  readjusted  to  meet  the  present  situation  and  bring  the  control  of 
these  diseases  more  nearly  in  line  with  present  possibilities.  It  does 
not  require  an  extensive  experience  with  surgical  literature,  to  say 
nothing  of  actual  surgical  practice,  to  force  the  conclusion  that  the 
results  now  generally  obtained  with  this  group  of  diseases  are  far  below 
a  reasonable  standard. 

Generally  speaking,  the  diagnosis  of  malignant  bone  tumors  is 
accomplished  in  the  late  stages  of  the  disease,  after  long  delay  has  been 
incurred  by  considering  every  other  possibility,  and  not  a  few  impossi- 
bilities. Experience  with  many  of  these  cases  at  the  Memorial  Hospital 
shows  that  in  the  presence  of  definite  signs  of  bone  sarcoma,  per- 
sistent pain  and  loss  of  function,  these  patients  are  generally  treated 
for  inflammatory  conditions  and  the  last  possibility  to  be  considered 
is  sarcoma.  Often  until  the  terminal  stages,  treatment  has  been 
directed  toward  the  alleviation  of  rheumatism,  neuralgia,  syphilis, 
osteomyelitis,  sprain,  endocrine  disturbance,  etc.  All  the  modern 
laboratory  methods  for  the  quantitative  study  of  the  secondary 
phenomena  of  disease  have  been  freely  employed;  but  the  diagnosis 
of  a  lethal  disease  has  not  been  made  in  time  to  be  of  service.  Even 
in  the  face  of  indubitable  signs  and  pathognomonic  symptoms  of  well 
established  bone  sarcoma  I  have  known  experienced  surgeons  to  refuse 
to  accept  the  diagnosis  of  malignant  tumor. 

The  main  reason  for  this  costly  conservatism  must  be  found  in  the 
fact  that  the  diagnosis  of  bone  sarcoma  is  generally  accepted  as  a 
signal  for  an  immediate  surgical  operation,  either  amputation,  or 
excision,  or  diagnostic  incision.  As  long  as  this  view  and  this  aggressive 
standard  practice  prevail  so  long  will  the  surgeon  delay  in  accepting 
a  grave  prognosis  for  his  patient.  On  the  other  hand,  if  the  diagnosis 
were  approached  more  radically,  treatment  might  be  much  less  radical. 

I  believe  that  with  present  resources,  the  suspicion  of  bone  sarcoma 
should  not  be  taken  as  a  signal  for  operation.  The  diagnosis  in  the 
great  majority  of  cases  of  bone  sarcoma  can  be  accomplished  on  clinical 
history,  roentgen-ray  findings,  and  the  results  of  therapeutic  tests  with 
roentgen  ray  or  radium.  The  therapeutic  test  is  at  the  same  time  the 
best  treatment  for  a  large  proportion  of  bone  sarcomas.  In  short, 
the  nonoperative  treatment  of  these  diseases  is  a  goal  to  be  aimed  at. 
The  main  exceptions  to  this  proposal,  of  which  there  are  many,  are 
found  among  the  early  osteogenic  sarcomas  with  which  prompt  ampu- 
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tatioii  has  effected  some  cures.     There  are  also  complicated  cases  of 
other  types  which  demand  operation. 

Considering  first  the  omission  of  diagnostic  incisions,  one  finds  that 
the  vast  majority  of  cases  of  bone  sarcoma  of  every  type  give  highly 


Fig.  32. — Myeloma  of  tibia;  bony  portions  of  the  tumor  are  dissolving  bone 
ipparently  displaced  from  tlie  shaft. 


characteristic  roentgenograms,  which,  interpreted  in  the  light  of  exact 
and  simple  clinical  data,  permit  a  reasonably  accurate  diagnosis.  The 
roentgenologic  details  will   not  here   be  repeated;   but  emphasis   may 


46 

be  placed  on  the  facts  that :  osteogenic  sarcoma  ahnost  never  affects 
the  middle  half  of  the  shaft,  but  is  a  disease  of  diaphyseal  ends; 
erosion  or  destruction  of  a  segment  of  shaft  is  nearly  constant  in 
osteogenic  sarcoma ;  the  benign  central  tumors  regularly  widen  the 
shaft  and  displace  the  periosteum  with  its  thin  shell  of  bone,  long 
before  more  aggressive  forms  of  this  disease  invade  the  soft  tissue ; 
and  myelomas  and  diffuse  endotheliomas  involve  wide  segments  of 
the  bone,  often  the  midportions,  and  cause  smooth  gradual  fading 
of  the  shaft.  Syphilis,  tuberculosis,  chronic  osteomyelitis  and  periostitis, 
and   Paget's  disease,   each   presents  its  own   peculiar  morphology  and 
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Fig.  33. — Structure  of  a  diffuse  myeloma;  cells  small,  round,  and  polyhedral 
type  undetermined;   same  case  as  Figure  31. 


clinical  setting,  and.  with  rare  exceptions,  lacks  the  specific  features  of 
bone  tumors.  It  must  be  admitted  that  these  interpretations  require 
experience ;  but  no  inexperienced  person  should  undertake  to  deal  with 
bone  tumors.  \\'hen  the  experienced  observer  is  unable  to  reach  a 
conclusion,  then  resort  must  be  made  to  the  diagnostic  incision,  before 
amputation  is  advised. 

The  therapeutic  test  is  decisive  evidence  as  between  certain 
classes  of  bone  tumors.  Myelomas  and  diffuse  endotheliomas  melt 
down  rapidly  under  roentgen  ray  and  radium.  These  physical  agents 
control  the  growth  of  the  benign  central  tumors  and  cause  the  gradual 
restoration  of  the  shaft,  while  the  relief  of  pain  and  disability  is  usually 
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prompt.  Willi  osteogenic  sarcoma,  roentgen  ray  and  radium  have 
little  or  no  immediate  effect  on  the  size  or  form  of  the  tumor. 
Chondrosarcomas  seem  to  be  wholly  unaffected  by  external  radiation. 

When  the  clinical  data,  roentgen-ray  findings,  and  therapeutic  tests 
have  been  carefully  weighed  by  an  experienced  observer,  I  believe  there 
will  be  very  few  cases  remaining  for  diagnostic  incision. 

When  tissue  has  been  removed  for  diagnosis,  the  microscope  in 
competent  hands  will  provide  an  accurate  idea  of  the  clinical  nature 
of  the  disease  in  the  great  majority  of  cases,  but  not  always.  Failure 
to  secure  a  characteristic  portion  of  the  tumor,  encountering  tissues 
greatly  altered  by  inflammatory  or  degenerative  processes,  and  inexperi- 
ence of  the  pathologist  with  the  very  wide  scope  and  confusing  variety 
of  histologic  features  occurring  in  diseased  bone  are  some  of  the 
common  sources  of  error  which  the  surgeon  must  face  who  trusts  his 
diagnosis  tO'  the  microscope.  It  would  be  a  mistake  to  overemphasize 
these  hazards ;  but  the  more  experienced  the  pathologist,  the  more  he 
learns  to  rely  on  clinical  data  for  clinical  diagnoses  and  the  more  he 
urges  the  surgeon  to  make  his  diagnosis  on  clinical  observation,  and 
not  to  expect  too  much  from  the  study  of  small  pieces  of  tissue.  As 
a  rule,  the  microscope  reveals  the  general  class  of  a  bone  sarcoma ; 
but  it  often  fails  to  reveal  those  special  features  which  are  so  important 
in  forming  a  clinical  estimate  of  the  disease. 

The  diagnosis  having  been  reached,  the  plan  of  treatment  may 
then  be  determined  with  adequate  reference  to  the  natural  course  of 
the  disease.  In  this  decision,  I  would  emphasize  the  necessity  of  dis- 
tinguishing not  only  between  the  different  groups  of  bone  sarcoma  but 
between  different  cases  in  the  same  group.  Blanket  rules  are  inadmis- 
sible in  dealing  with  cases  which  dift'er  so  widely  in  their  natural 
tendencies  as  do  bone  sarcomas.  The  slowly  growing,  encapsulated 
fibrosarcoma  attached  to  the  periosteum  presents  a  very  dift'erent 
therapeutic  problem  from  the  highly  malignant  telangiectatic  sarcoma, 
and  there  is  much  variation  among  the  cases  of  benign  giant  cell 
tumor. 

TREATMENT     OF     THE     GIANT     CELL     TUMOR 

The  standard  treatment  of  this  disease  is  by  curettage,  followed, 
as  a  rule,  by  application  to  the  cavity  of  some  escharotic.  A  plastic 
bone  operation  is  sometimes  required.  The  results  are  generally  good. 
Yet  there  are  several  limitations  to  the  success  of  this  radical  surgical 
method.  Infection  not  infrequently  follows  the  curettage,  and  leads  to 
persistent  suppuration,  osteomyelitis,  or  septicemia,  since  it  is  difficult 
to  eradicate  infection  of  tumor  tissue  in  the  marrow  cavity  of  a  long 
bone.  Or  the  tumor  recurs  and  requires  repeated  curettages,  with 
advancing  destruction  of  bone,  or  opening  into  joints,  so  that  eventually 
amputation  is  required.     I  have  observed  many  cases  of  this  benign 
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tumor  in  which  all  of  these  unforlunale  terminations  have  resulted  in 
the  hands  of  competent  operators.  Nor  is  it  unreasonable  to  assume 
that  the  trauma  of  repeated  curettages  may  transform  an  originally 
benign  process  into  one  clinically  malignant.  Even  the  mechanical 
forcing  of  viable  cells  through  open  blood  vessels  and  the  production 
of  metastases  seem  quite  within  the  range  of  possible  results  of  surgical 
trauma,  especially  in  cellular  tumors.'' 

All  of  these  hazards  may  be  avoided  by  treating  these  patients  by 
roentgen  ray  or  radium.  Both  of  these  physical  agents  control  the 
growth,  soon  relieve  pain  and  disability,  and  permit  the  gradual  restora- 
tion of  the  shaft.  The  experience  at  the  Memorial  Hospital  with  a 
considerable  series  of  cases  during  the  past  few  years  has  demonstrated, 
in  my  opinion,  that  treatment  by  roentgen  ray  or  radium  should  be 
adopted  as  the  method  of  choice  in  uncomplicated  forms  of  this  disease. 
Recently,  Jungling  ■'  has  reported  the  cure  by  roentgen-ray  treatment 
of  a  large  medullary  sarcoma  of  the  upper  end  of  the  femur,  and  at 
the  same  time  he  records  the  spontaneous  regression  of  two  other  cases 
located  in  the  humerus  and  fibula.  This 'plan,  however,  calls  for  a 
period  of  several  months  of  observation,  for  while  pain  and  disability 
are  usually  relieved  promptly,  the  restoration  of  the  shaft  is  slow. 
If  this  method  fails  after  adequate  trial,  then  it  is  time  enough  to  con- 
sider curettage,  or,  if  there  is  great  destruction  of  tissue,  amputation. 

For  a  successful  result,  it  is  highly  important  that  the  skin  and 
tumor  capsule  should  not  be  incised  for  diagnosis,  since  the  scar  may 
break  down  under  repeated  radiation,  and  infected  cases  as  a  rule  do 
badly.  The  insertion  of  radium  tubes  into  the  cavity  after  curettage 
is  not  a  very  satisfactory  method,  since  such  radiation  renders  the 
tissue  more  susceptible  to  infection,  and  adequate  dosage  may  cause 
chronic  osteitis  or  bone  necrosis.  The  best  method  is  external  radiation 
through  the  intact  skin.  The  capacity  of  the  physical  agents  to  deal 
successfully  with  the  various  forms  of  the  benign  giant  cell  tumor  is 
clearly  dependent  on  the  cellular  structure  and  delicate  blood  vessels 
of  the  tumor  tissue. 

Myeloma. — Owing  to  the  multiple  or  systemic  distribution  of  most 
cases  of  myeloma  the  prognosis  of  the  disease  remains  unfavorable 
under  any  form  of  treatment.  Since  these  cellular  lymphoid  tumors 
are  very  susceptible  to  roentgen  ray  and  radium,  these  agents  would 
seem  to  deserve  first  choice  in  treatment.     Yet  since  little  is  known 


8.  Since  this  article  was  written,  I  have  obtained  all  the  data  in  a  case 
demonstrating  the  transformation  of  a  benign  giant  cell  tumor  of  the  tibia  into 
a  malignant  large  spindle  cell  sarcoma  as  a  result  of  repeated  curettage,  infec- 
tion and  radium  treatment,  and  terminating,  after  amputation,  in  death  from 
pulmonary  metastases.     This  case  will  l)e  fully  reported  later. 

9.  Jungling:     Strahlentherapie   12:178,    1921. 
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regarding  the  mode  of  extension  of  myeloma,  one  may  assume  that  a 
prompt  amputation  may  at  times  forestall  metastases.  The  available 
reports  in  the  literature,  as  well  as  my  experience  with  a  few  of  these 
rare  cases,  does  not  encourage  the  belief  that  amputation  accomplishes 
much  in  this  disease.  For  multiple  cases  affecting  the  bones  of  the 
skull  or  trunk,  roentgen  ray  and  radium  constitute  the  sole  resource, 
and  so  far  as  the  local  tumor  is  concerned  they  are  effective. 

Endothelioma. — So  far  I  have  been  able  to  learn  there  are  no  reports 
of  surgical  cure  of  angio-endothelioma,  and  no  record  of  treatment  by 
physical  agents.  Owing  to  early  metastases  and  multiple  origin,  the 
prognosis  of  this  disease  must  remain  unfavorable.  On  account  of  the 
vascular  and  cellular  structure  of  the  tumors,  it  is  to  be  hoped  that 
the  eft'ects  of  the  physical  agents  on  this  process  will  be  submitted  to 
an  early  test. 

Diffuse  endothelioma  as  already  stated,  regresses  so  rapidly  under 
roentgen  ray  or  radium  as  to  call  for  this  plan  of  treatment  in  every 
case.  Yet  I  would  again  emphasize  that  sufficient  time  has  not  elapsed 
to  determine  the  final  outcome  of  cases  that  have  responded  well  to 
radiation.  At  the  present  writing,  four  of  ten  patients  are  dead :  three 
from  multiple  tumors,  one  from  "acute  mania" ;  two  are  without  signs 
of  disease;  one  has  progressed  favorably  for  a  year,  and  three  have 
not  been  traced.  Until  more  is  known  regarding  the  nature  of  this 
disease,  it  can  only  be  said  that  the  physical  agents  seem  to  control  the 
local  process,  and  that  amputation  should  be  withheld  until  its  indica- 
tions are  more  clearly  defined. 

Osteogenic  Sarcoma. — -While  the  highly  lethal  character  of  this 
disease  is  perhaps  its  most  impressive  feature  it  is  probable  that  isolated 
surgical  cures  have  been  obtained  for  nearly  every  bone  of  the 
extremities.  Near  the  shoulder  or  hip  joint  there  are  probably  none, 
except  possibly  Berger's  case,  at  the  upper  end  of  the  humerus,  reported 
by  Jeanbreau  and  Riche.^" 

I  have  examined  in  some  detail  the  statistical  reports  of  Kocher, 
Coley,  Reinhardt,  Butlin,  Nasse,  and  others,  and  have  been  unable  to 
draw  any  definite  conclusions  from  them,  because  of  the  uncertainty 
in  diagnosis.  Greenough,  Simmons,  and  Harmer,  'however,  carefully 
classify  fifty-six  cases  of  true  osteogenic  sarcoma  occurring  at  the 
Massachusetts  General  and  the  Huntington  hospitals,  and  report  three 
cures  of  three  years'  standing  by  radical  operation.  These  tumors 
were  located  in  the  femur,  tibia,  and  inferior  maxilla,  and  all  were  of 
highly  fibrous  or  ossifying  structure.  On  the  other  hand,  barring  one 
operative  death  in  a  very  extensive  case,  all  of  the  fourteen  patients 
with  giant  cell  tumors  were  cured  by  operation. 


10.   Teanbreau  and  Riche  :    Rev.  de  chir.  32:153,  1905. 
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More  signilicant  than  combined  statistics  is  the  analysis  of  the  types 
of  cases  for  which  amputation  may  reasonably  be  expected  to  yield 
success.  All  the  cellular  and  vascular  sarcomas  treated  surgically  seem 
to  have  been  fatal  within  a  few  months.  Likewise  the  established 
small  spindle  cell  periosteal  sarcomas  are  extremely  malignant. 

More  favorable  conditions  are  furnished  in  the  very  early  stages 
of  sclerosing  central  and  subperiosteal  tumors  which  have  not  ruptured 
the  periosteum.  For  such  tumors  prompt  amputation  may  well  be 
endorsed  as  offering  a  reasonable  hope  of  success,  although  the  attested 
records  of  such  success  are  extremely  rare.  More  favorable  still  are 
the  encapsulated  fibrosarcomas  attached  to  the  periosteum.  Many 
of  these  growths  are  comparatively  acellular  and  are  at  first  capable 
only  of  local  recurrence.  They  form  a  considerable  proportion  of  the 
reported  surgical  cures. 

With  the  use  of  physical  agents  as  adjuvants  to  surgery,  they  form 
a  favorable  field  for  conservative  surgery,  aiming  at  local  extirpation 
followed  by  treatment  by  roentgen  ray  or  radium.  As  long  ago  as 
1908,  Goebel  ^^  reported  the  cure  (fifteen  months'  observation)  of  a 
malignant  infiltrating  periosteal  sarcoma  of  the  femur  in  an  infant 
in  whom  he  twice  extirpated  portions  of  the  tumor  and  followed  the 
operations  with  exposure  to  the  roentgen  ray  to  the  limit  of  skin 
tolerance. 

In  order  to  secure  more  accurate  data  regarding  the  prognosis  of 
osteogenic  sarcoma,  the  following  scheme  may  be  offered  as  indicating 
the  different  grades  of  malignancy  in  the  disease ;  and  it  is  suggested 
that  the  use  of  some  such  scheme  replace  the  custom  of  merging  all 
types  of  osteogenic  sarcoma  in  statistical  reports. 

1.  Encapsulated  extraperiosteal  fibrosarcoma;  fibrous,  cartilaginous 
or  osteoid  stroma  in  excess  of  cells ;  prognosis  fair. 

2.  Sclerosing  medullary  and  periosteal  sarcoma ;  course  slow ; 
metastases  appear  very  late. 

3.  Cellular  spindle  cell  periosteal  sarcoma ;  stroma  scanty  or  absent ; 
some  cures  by  surgery  and  other  methods. 

4.  Solid  cellular  central  and  subperiosteal  sarcoma ;  some  surgical 
cures  of  early  cases. 

5.  V^ery  vascular  cellular  telangiectatic  sarcoma;  no  reported  cures. 
For  the  past  seven  years,  I  have  been  interested  in  efforts  to  control 

osteogenic  sarcoma  by  physical  agents  at  the  Memorial  Hospital.  The 
results  have  been  unsatisfactory  but  encouraging.  They  involve  many 
clinical  and  technical  considerations  that  belong  to  my  clinical  and 
radiologic  colleagues.  My  own  services  have  been  directed  toward 
securing  accurate  anatomic  and  histologic  diagnoses,  and  to  the  study 


11.  Goebel:    Arch.  f.  klin.  chir.  87:191.  1908. 
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of  the  effects  of  the  physical  agents  on  the  tissues.     From  these  sources 
of  information  th-e  following  conclusions  have  heen  drawn. 

1.  It  has  heen  shown  by  physical  computation,  histologic  changes 
in  the  tumor  tissues,  and  clinical  results,  that  it  is  possible  to  deliver 
an  effective  dosage  of  roentgen  ray  or  radium  to  all  parts  of  many 
osteogenic  sarcomas  where  the  tumors  are  accessible  from  all  sides. 

2.  The  histologic  changes  demonstrate  a  slowing  of  the  rate  of 
growth  of  the  tumor  cells,  by  which  they  are  induced  to  lay  down  calcific 
material,  or  dense  hyaline  stroma,  or  bone.  With  vascular  and  cellular 
tumors,  hemorrhage  and  necrosis  may  be  produced. 

3.  Cellular  tumors  without  much  intercellular  stroma  may  undergo 
comp!e:e  rescilution  and  disappear. 

In  evidence  of  this  statement  I  would  refer  to  the  following  case: 

In  1915,  Dr.  C.  H.  Peck  referred  to  the  hospital  a  boy,  aged  8  years,  witli  a 
recurrent  periosteal  sarcoma  of  the  metacarpal  Ijone  of  the  thumb.  The  tumor 
had  recurred  promptly  after  excision,  presenting  a  globular  swelling,  2  by  3  cm. 
Section  of  the  i  riginal  tumor  showed  a  small  spindle  cell  sarcoma  without 
demonstrable  stroma.  Roentgen-ray  treatment  (  Miiller  tube),  given  by  Dr. 
Arthur  Holding  for  three  months,  produced,  for  the  first  month,  no  definite 
efifect ;  during  the  second  month,  the  tumor  ceased  to  grow  ;  after  tlie  fourth 
month,  there  was  steady  recession,  which  became  complete  in  six  months.  The 
boy  was  followed  for  four  years  without  recurrence. 

4.  Tumors  producing  much  intercellular  material  can  probably  not 
be  made  to  disappear  by  present  technic  with  physical  agents.  The 
most  that  can  be  hoped  for  such  tumors  is  the  sclerosis  or  ossification 
of  the  tumor  tissue  with  cessation  of  growth. 

5.  The  majority  of  true  osteogenic  sarcomas  under  radiation,  while 
suffering  retardation  of  growth,  prove  fatal  from  the  usual  metastases. 
It  may  be  said  that  they  would  do  so  under  any  circumstances ;  but 
the  possibilitv  that  prompt  amputation  might  save  some  patients  may 
be  considered  by  many  as  a  bar  to  conservative  treatment.  On  the 
other  hand,  the  long  survival  of  certain  cases  heavily  radiated  and 
later  coming  to  amputation  strongly  suggests  that  effective  radiation 
distinctly  postpones  metastases. 

6.  The  technic  of  employing  roentgen  ray  and  radium  in  osteogenic 
sarcoma  can  be  made  much  more  efficient  by  the  proper  selection  of 
cases,  by  more  careful  study  of  the  exact  anatomic  condition  to  be 
dealt  with,  adapting  the  agents  to  the  conditions  as  found,  and  by  a 
judicious  combination  with  surgery. 

It  is  obvious  that  the  problems  here  involved  are  of  a  major  char- 
acter and  demand  the  most  intelligent  cooperation  of  surgeon,  radi- 
ologist and  pathologist.  From  results  already  obtained  I  am  convinced 
that  large  rewards  await  the  resourceful  w^orker,  by  using  all  the  means 
now  at  his  disposal,  in  reducing  the  mortality  from  this  lethal  disease. 
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EXPERIENCES  IX  THE  COLLECTION  OF  ISIUSEUM 
^L\TERIAL  FROM  ARMY  CAMP  HOSPITALS* 

James  Ewing 

{Formerly,  Contract  Surgeon,  Army  Medical  Museum,  Washington) 

Cornell  University  Medical  School,  New  York 

In  a  history  of  the  Army  Medical  Museum  recently  compiled 
by  Dr.  Lamb,  the  author  states  that  during  the  Civil  War,  Wood- 
ward, failing  to  get  material  from  the  army  camps,  gathered  up  a 
company  of  darkies,  hired  some  mule  teams,  drove  to  the  battle- 
fields near-by,  exhumed  buried  limbs  and  bodies,  and  brought 
the  pathological  specimens  to  Washington  himself.  One  cannot 
help  expressing  admiration  for  a  man  who  collected  pathological 
material  under  such  difficulties,  and  then  submitted  it  to  an 
analysis  and  study,  which  in  scientific  scope  and  detail  has  hardly 
been  surpassed  in  American  literature. 

During  the  year  1918,  most  of  the  good  material,  and  all  the 
really  first  class  specimens  received  at  the  Museum,  with  few  ex- 
ceptions, were  brought  there  by  men  sent  from  the  Museum  to 
get  them. 

The  factors  which  brought  about  the  same  results  fifty  years 
ago  and  to-day  were  probably  very  much  the  same.  This  collec- 
tion of  pathological  museum  material  was  one  of  the  least  urgent 
matters  claiming  attention  in  an  army  whose  task  was  to  win  the 
war  and  win  it  quickly.  In  the  camp  hospitals  a  succession  of 
epidemic  diseases  overtaxed  the  capacity  of  the  available  labo- 
rator}'  staffs,  and  at  such  times  there  was  neither  time  nor  force 
to  collect  suitable  pathological  specimens  and  preserve  them  ac- 
cording to  modern  methods.  Also  the  number  of  men  in  the 
American  medical  profession  trained  in  the  methods  of  the  path- 
ological laborator}^  and  especially  in  the  methods  of  museum 
preparation  proved  to  be  exti-emely  small,  and  few  of  these  were 
available  in  the  army.  Finally,  the  lack  of  preparedness  in  so 
many  other  medical  essentials,  the  failure  to  provide  beforehand 
the  means  of  collecting,  preser\ing  and  shipping  pathological 
material,  all  contributed  to  thwart  the  efforts  of  the  few  patholo- 
gists who  made  a  consistent  effort  to  meet  the  requirements 
of  the  situation.  It  must  be  admitted,  I  think,  that  many  of  these 
difficulties  were  unavoidable,  but  also,  that  their  presence  made  the 

♦Presented  at  the  12th  Annual  Meeting  of  this  Section  of  the  Association, 
June  14th,  1919.     Received  for  publication,  November,  1919. 
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a  con.stant  flow  of  material  of  all  graders  was  arriving,  aiul  the  work 
was  being  separated  into  three  divisions:  general  {pathology, 
neuropathology,  and  surgical  pathology,  each  under  the  direction 
of  a  specialist. 

Elaborate  preparations  I'or  making  permanent  illustrations  of 
pathological  lesions  were  at  one  time  in  full  progress.  There  were 
plaster  and  wax  artists,  photographers,  and  watercolour  experts  at 
hand,  and  for  a  brief  period  several  of  them  were  at  work,  but  the 
armistice  soon  terminated  their  activity.  Unfortunately,  the 
museum  did  not  possess  a  good  photographic  lens  or  apparatus, 
which  hampered  the  work  of  its  skilful  photographer.  He  and  his 
considerable  staff  were  mainly  occupied  or  submei-ged  in  bill 
poster  work  for  the  S.  G.  O. 

A  modern  photographic  outfit  and  a  staff  acquainted  with 
pathological  problems  were  greatly  needed.  I  wish  especially  to 
call  attention  to  the  remarkable  effects  in  colour  and  detail  se- 
cured by  an  artist  who  colours  photographs  of  pneumonic  lungs 
and  other  lesions,  and  whose  results  were  far  superior  to  any  that 
I  have  seen  from  any  other  methods.  He  should  have  been  made 
a  permanent  attache  of  the  museum. 

The  effort  to  obtain  good  histological  material  and  to  prepare 
good  microscopic  specimens  was  not  very  successful.  Here  let 
me  observe  that  the  going  methods  of  the  pathological  laboratory 
are  somewhat  different  from  those  of  the  biological  and  strictly 
research  laboratory,  and  that  in  order  to  obtain  results  with  a 
large  amount  of  pathological  material  it  is  necessary  to  adopt  the 
methods  of  a  pathological  laboratory  and  to  have  men  who  have  had 
experience  in  such  a  laboratory.  Also,  since  most  of  the  material 
came  to  us  fixed  long  in  Kaiserling  it  was  not  easy  or  even  possible 
to  obtain  good  histological  sections.  I  now  believe  that  it  was  ill- 
advised  to  attempt  such  a  task  at  the  museum,  and  that  the 
histological  work  should  be  assigned  and  completed  at  the  hos- 
pital where  the  case  occurs. 

Colour  preservation  in  the  material  received  from  a  distance 
was  on  the  whole  unsatisfactory  or  a  complete  failure,  no  matter 
what  agent  was  employed.  The  exception  was  in  the  specimens 
prepared  by  the  representatives  of  the  museum  at  Camp  Wheeler. 
From  several  hospitals  in  the  neighbourhood  of  Washington, 
however,  the  usual  fine  colour  preservation  from  Kaiserling, 
Klotz,  or  10%  formalin  was  generally  obtained.  It  seemed  to 
make  little  difference  which  of  these  fluids  was  used,  provided  the 
organs  were  carefully  handled,  but  the  museum  staff  came  to 
prefer  Klotz'  fluid  for  their  own  work. 

The  mounting  of  specimens  made  little  progress  until  the 
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aiiival  of  Lieut.  F]llis  whose  artistic  work  soon  filled  the  available 
supply  of  jars,  after  which  time  many  fine  specimens  had  to  be 
packc^d  away  in  earthcrn  crocks. 

In  Novem])er,  1918,  shipments  began  to  arrive  from  the 
A.  E.  F.  The  main  diseases  represented  were  pneumonia,  gas 
poisoning,  and  infected  wounds  requiring  amputation.  The  speci- 
mens were  well  preserved  in  formalin.  By  careful  and  intelligent 
dissection  Capt.  Haas  added  to  the  museum  many  instructive 
specimens  of  fractures  and  infected  wounds.  The  pneumonias 
were  similar  to  those  observed  in  America. 

To  a  general  pathologist  the  opportunity  to  observe  such  a 
large  amount  of  material,  from  many  different  sources,  was  ex- 
tremely interesting  and  instructive.  Much  that  was  unsuitable 
for  a  museum  was  still  valuable  for  study,  and  amply  justified  the 
labour  and  expense  of  its  shipment.  The  variet}^  of  diseases 
represented  was  siu'prising  and  the  opportunity  of  illustrating 
the  developmental  stages  of  common  and  even  of  rare  diseases, 
with  their  complications,  was  far  greater  than  the  writer  has  ever 
before  enjoyed.  Hence  the  value  of  an  extensive  museum  col- 
ection  was  very  completely  demonstrated. 

Thus  with  specimens  of  pneumonia  numbering  over  a  thousand 
it  was  possible  to  compare  the  lesions,  in  different  years  and 
seasons,  at  home  and  abroad,  from  different  camps,  and  with 
varying  bacteriological  data.  It  seems  probable  that  highly  im- 
portant deductions  not  otherwise  obtainable  might  be  drawn  from 
such  a  study.  Empyema  was  quite  fully  illustrated  by  many 
specimens  from  several  sources,  and  a  rather  characteristic  group 
of  pulmonary  lesions  was  found  to  belong  to  this  group,  which 
may  thi-ow  light  on  the  pathogenesis  of  empyema.  Unsuspected 
tuberculosis  of  the  pleura  was  sometimes  found  in  cases  of  empyema 
progressing  unfavourably.  Pulmonary  tuberculosis  appeared 
with  considerable  frequency. 

All  the  common  and  nearly  all  the  rare  varieties  of  menin- 
gitis were  repi-esented  by  one  or  several  cases,  including  meningo- 
coccus, pneumococcus,  streptococcus,  anthrax,  tuberculous,  syphi- 
litic, and  other  types.  Endocarditis,  old  and  recent,  in  many 
phases  was  to  be  seen.  Typhoid  fever  was  not  lacking,  in  both 
vaccinated  and  unprotected  subjects,  but  the  lesions  seemed  to 
lack  the  severity  and  extent  of  those  observed  in  the  Spanish  War. 
Leukemia,  lymphosarcoma  and  Hodgkins'  disease  were  occasion- 
ally encountered. 

A  surprisingly  large  number  of  tumours  was  received,  fairly 
lepresenting  the  types  of  malignant  neoplasms  occurring  in  young 
adults.     These  lesions  seemed  to  commend  themselves  to  the  camp 
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patholojii^^ts  as  dcsiral^lc  nmsomii  material.  The  hazards  of  sal- 
varsan  poisoning  were  empliasizcd  l)y  the  oi-gans  of  several  fatal 
cases,  in  some  of  which  no  signs  of  syphilis  could  be  found.  Status 
lymjiliaticus  appeared  in  a  high  proportion  of  the  fatal  cases  of 
infectious  dis(^ases,  acute  endocarditis,  Addison's  disease,  salvarsan 
poisoning,  and  in  other  interesting  connections.  Strong  con- 
finnation  of  the  military  importance  of  this  condition  could  be 
secured  from  the  extensive  material  gathered  at  the  museum. 
Particularly  valuable  for  this  purpose  was  a  collection  of  pneumonic 
lungs  with  the  heart  attached,  secured  from  Camp  Grant.  In 
the  great  majority  of  cases  abstracts  of  the  clinical  history,  autopsy 
protocols  and  rather  full  bacteriological  data  accompanied  the 
specimens. 

Several  general  considerations  seem  to  the  writer  worth  record- 
ing as  he  reviews  at  some  distance  the  brief  period  when  he  was 
pi'ivileged  to  work  in  the  Army  Medical  Museum. 

(1)  The  value  of  a  comprehensive  pathological  museum  for 
teaching  students,  clinicians  and  pathologists,  and  for  research 
in  the  etiology  and  pathogenesis  of  disease  is  probably  under- 
estimated even  by  most  confirmed  pathological  anatomists. 
Although  confessing  long  devotion  to  pathological  anatomy,  the 
writer  was  forced  to  recognize  at  Washington  possibilities  in  this 
field  which  he  had  never  before  conceived.  To  accomplish  these 
possibilities  the  collection  must  be  very  large,  well-chosen,  thor- 
oughly studied  in  the  light  of  clinical,  microscopic,  and  bacterio- 
logical data,  and  artistically  prepared  and  displayed. 

Unless  this  estimate  is  badly  overdrawn,  then  the  plan  formu- 
lated by  Col.  W.  O.  Owen,  the  Chief  Officer  of  the  Museum  in  1918, 
that  the  U.  S.  Army  should  establish  at  Washington  a  patho- 
logical museum,  comparable  in  its  scope  with  the  librarj^  of  the 
Surgeon  General's  office,  is  as  wise  as  it  is  far-reaching  and  formid- 
able, and  deserves  the  endorsement  of  the  American  medical 
profession.  Probably  no  other  institution  than  the  army  with 
Government  support  can  develop  and  maintain  the  world-wide 
organization  necessary  to  secure  the  material.  It  would  be  a  pity 
if  the  Aimy  narrowed  its  vision  to  the  particular  needs  of  military 
medicine  as  its  medical  officers  can  now  see  them.  Current  views, 
however  competent,  may  be  completely  altered  with  the  progress 
of  medicine.     Military  medicine  means  the  whole  of  medicine. 

Then,  also,  medical  schools  must  regard  the  possession  of  a 
large  museum  as  an  essential  part  of  their  teaching  equipment 
and  must  be  prepared  to  spend  the  time  and  money  required 
to  collect  and  maintain  such  a  mus?um.  In  recent  years  strong 
efforts  have  been  made  to  divorce  the  teaching  of  pathology  from 
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the  dead  house  and  the  laboratory  and  bring  it  int  j  live  contact 
with  the  wards.  This  movement  has  many  commendable  features, 
l)ut  imless  it  is  preceded  bj'  a  broad  knowledge  of  pathological 
anatomy  it  is  building  without  a  foundation.  A  study  of  fifty 
nuiseum  specimens  of  gastric  cancer  representing  all  types,  loca- 
tions and  complications  of  this  disease  is  far  more  valuable  for  a 
pi-actitioner  than  acquaintance  with  a  great  variety  of  clinical 
laboi-atory  tests  for  this  disease.  The  latter  type  of  information 
can  be  safely  interpreted  only  in  the  light  of  the  former.  Both 
are  essential  for  the  safe  diagnostician.    ■ 

(2)  The  surprisingly  small  nmnber  of  pathological  anatomists 
in  the  country  and  the  general  lack  of  knowledge  among  so-called 
laboratory  men  of  autopsy  technique,  interpretation  of  findings, 
histopathologj',  and  especiallj'  of  museum  preparation,  as  re- 
vealed by  the  war,  are  mainly  the  fault  of  the  medical  schools 
and  the  teachers  of  pathology.  It  is  also  chargeable  to  the  clini- 
cians governing  hospitals  who  usually  provide  for  clinical  micro- 
scopy, blood  chemistry  and  serology,  but  last,  least  and  often  not 
at  all,  for  patholog}'.  It  is  evidently  liigh  time  for  teachers  of 
pathology,  especially  for  members  of  this  Association,  to  insist  on 
a  knowledge  of  autopsy  technique,  wider  acquaintance  with 
pathological  anatomy,  famiharity  with  histological  methods,  and 
definite  instruction  in  museum  preparation,  as  requisites  to  gradua- 
tion, and  to  demand  the  necessary  time  in  the  curriculmn  to  accom- 
plish these  results.  In  outlining  plans  for  instruction  of  military 
medical  officers,  the  Surgeon  General's  Office  decided  to  require 
that  five  per  cent,  of  the  medical  students  in  the  S.  A.  T.  C.  should 
be  trained  pathologists.  The  question  may  be  asked  of  medical 
schools  whether  less  than  this  proportion  is  required  in  well 
balanced  civil  practice.  Probably  not  one  per  cent,  of  the  present 
medical  classes  is  thus  equipped. 

A  further  problem  for  this  Association  is  the  standardization 
of  the  technique  of  autopsies  and  of  methods  of  museum  prepara- 
tion. In  compiling  a  circular  of  information  regarding  museum 
preparation  for  the  S.  G.  0.,  the  writer  consultetl  many  patholo- 
gists, members  of  this  Association,  and  encountered  wide  and  even 
irreconcilable  difTerences  of  opinion.  There  is  certainly  some  com- 
mon ground  on  which  all  can  meet,  while  giving  reasonable  lati- 
tude for  individual  initiative.  General  agreement  among  patholo- 
gists would  greatly  assist  instructors  in  this  field. 

(3)  The  failure  of  pathological  anatomy  to  receive  proper 
recognition  in  the  army  medical  service  seems  to  call  for  the  formu- 
lation of  some  plan  which  will  prevent  a  recurrence  of  some  un- 
fortunate experiences  of  the  war.      Doubtless*  this  matter  will 
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receive  full  consideration  })y  the  niilitaiy  authorities.  The  writer 
would  presume  to  suggest  only  that  in  the  regular  army  medical 
force,  the  state  militia,  or  in  the  medical  reserve  corps,  or  all  these 
organizations,  provision  and  personnel  should  be  provided  to 
meet  the  demands  of  this  branch  of  the  service,  that  it  should  be 
recognized  as  a  definite  specialty  requiring  particular  qualifications 
and  experience,  and  that  all  men  available  for  such  service  should 
be  card-indexed  and  assigned  to  specific  duty  before  the  call  for 
mobilization  or  military  service  shall  come  upon  us. 
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